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OEGANIC   CHEMISTEY, 

OR  THE   CHEMISTRY  OP  THE   HYDROCARBONS   AND   THEIR 
DERIVATIVES. 


PART  II. 

COMPOUNDS  CONTAINING  DIVALENT 
RADICALS. 

DYAD  ALCOHOL  RADICALS. 

These  compounds  differ  from  the  monatomic  alcohol  radicals 
inasmuch  as  many  exist  in  the  free  state.  They  form  a  homo- 
logous series,  the  first  term  being  ethylene,  CgH*'  fcrmeriy  called 
olefiant  gas.  For  this  reason,  at  Gufhrie's  suggestion,  the 
hydrocarbons  having  the  general  formula  CnHgn  are  termed  the 
olefines,^ 

451  General  properties  of  the  Okfines,  The  lower  members  of 
this  series  are,  like  the  lower  paraffins,  gases  at  the  ordinary  tem- 
perature. The  next  members  are  volatile  liquids,  whose  boiling- 
points  rise  regularly  with  every  increment  of  CHj  until  the  higher 
members  are  reached  ;  these  are  solid  bodies,  crystallizing  at  the 
ordinary  temperature.  The  defines  are  at  once  distinguished 
from  the  paraffins  by  their  reaction  with  chlorine  and  bromine,  as 
they  combine  directly  with  these  elements,  even  in  the  dark,  with 
evolution  of  heat,  to  form  dichlorides  or  dibromides,  and  these 
latter  bodies  are  readily  transformed,  by  double  decomposition, 

*  Joum.  Chem.  Soe.  [1],  xiL  109. 
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mto  other  compounds  of  the  dyad  alcohol  radicals.    For  effecting 
these  conversions  methods  are  used  similar  to  those  employed 
for  the  preparation  of  the   compounds  of  the   monad  alq 
radicals  from  their  haloid  ethers. 

Attempts  to  prepare  other  compounds  of  dyad  rad 
from  the  haloid  ethers  were  first  made  in  1840  by  Lowig  and 
Weidmann.  They  acted  upon  ethylene  chloride  with  pottLSsium 
sulphide  and  potassium  hydrosulphide,  obtaining  ethylene 
gulphide  and  ethylene  hydroaulphide,^  the  true  relationships 
of  which  were  however  at  that  time  not  fully  recognised* 

In  1855  Buff,*  and  at  the  same  time  Sonnenschein  and 
Meyer,*  prepared  ethylene  thiocyanate,  whilst  a  yeiir  afterwards 
Wurtz  made  the  memorable  discovery  of  the  existence  of  ethy« 
lene  alcohol  (see  part  i.  p.  27).  He  and  several  of  his  pupils 
then  showed  that  this  body  is  the  first  terra  of  a  series  of  homo- 
logueB,  and  soon  made  us  acquainted  with  a  large  number  of 
very  interesting  derivatives. 

The  olefines  also  combine  directly  with  the  hydracids  of  the 
chlorine  group.  Ethylene  and  hydrioflic  acid  form  ethyl  iodide, 
whilst  the  olefines  containing  more  than  two  atoms  of  carbon 
yield  secondary  or  tertiary  haloid  ethers,  as  has  already  been 
stated  (part  i,  p.  182).  Some  olefines  also  combine  directly  with 
water,  with  formation  of  the  tertiary  alcohols  (i>art  i.  p*  186), 
Moreover  they  combine  wdth  hypoclilorous  acid,  bodies  termed 
chlof'hi/drafcs  or  chlorhydrhis  being  thus  formed,  such  as  ethjknc 
chlm^Jiydrin^  C^H^ChOH,  and  these  may  be  considered  to  be 
monochiorinated  alcohols  of  the  monad  radicals.  The  olefines 
likewise  combine  with  nitrogen  tetroxide. 

452  Co7utituiio%  of  the,  Olfjiru^.  Owing  to  the  readiness 
with  wliich  the  olefines  undergo  direct  combination,  they  have 
been  termed  non-saturated  hydrocarbons,  an  expression  which 
points  to  the  assumption  that  they  contain  free  combining 
units.  Tliis  view  was  formerly  accepte^l  by  some  chemists, 
whilst  others  adopted  the  idea  that  the  olefines  are  saturated 
compounds,  but  that  they  contain  one  atom  of  carbon  which 
acts  not  as  a  tetra^l  but  ais  a  dyjid.  According  to  a  third  hypothesis, 
now  generally  adopted,  two  of  the  carbon  atoms  in  the  olefines 
are  linked  together  by  two  combining  units,  and  tins  double 
linkage  is  changed  into  a  single  linkage  by  the  action  of  tlie 
elements  of  the  chlorine  group  or  their  hydracids.    According  to 


»  Attn, 


Ann.  x]U.  120. 
Cli£m,  I'karm^  c.  229. 


»  Kekule,  LehrK  i   641 
*  Jerttrti.  Frakt,  Ckem.  ]xv, 
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the  first  of  these  hypotheses,  the  simplest  olefine,  ethylene, 
CjH^,  ought  to  exist  in  two  forms : 

CHj.  — CH- 

I  I  . 

zzCH.  — CHj. 

We  are  however  acquainted  with  only  one  ethylene,  and  all 
experiments  made  for  the  purpose  of  obtaining  an  isomeric 
hydrocarbon  have  proved  abortive.^  That  the  well  known 
body  ethylene  is  not  represented  by  the  first  of  the  above  two 
formulae,  and  therefore  also  that  it  is  not  represented  by  the 
formula  CH3 — CH,  which  assumes  the  existence  of  a  dyad 
carbon  atom,  is  proved  by  the  fitot  that  the  above  named 
ethylene  chlorhydrin  yields  on  oxidation  chloracetic  acid  : 

Ethylene  Chlorliydrate.  Chloracetic  Acid. 

CH,C1  CH,C1 

CH^OH.  CO.OH. 

Hence  ethylene  possesses  the  constitution  assigned  to  it  by 
the  second  formula,  or  it  contains  the  two  carbon  atoms  doubly 
linked. 

A  further  argument  against  the  existence  of  either  firee  com- 
bining units  or  dyad  carbon  is  found  in  the  fact  that  only  ono 
propylene,  CjHg,  is  known,  whilst  according  to  the  first  of  these 
hypotheses  the  four  following  are  possible : 


CH, 

— CH, 

CH, 

CH, 
CH, 
=CH. 

CH 
CHy 

CH, 
— CH,. 

1 
=C 

CH,. 

If,  on  the  other  hand,  we  assume  that  the  hydrocarbon  contains 
a  dyad  carbon  atom,  the  atoms  can  only  arrange  themselves 
according  to  the  third  or  fourth  formula.  That,  however,  this 
is  not  the  case  follows  from  the  fact  that  propylene  is  obtained 
by  the  withdrawal  of  the  elements  of  hydriodic  acid  from  both 
primary  and  secondary  propyl  iodide,  and  that  consequently  on 
the  assumption  of  free  combining  units,  only  the  first  of  these 
formulse  can  explain  its  constitution. 

Again,  whilst  we  are  acquainted  with  only  one  ethylene  and 

*  ToUens,   jinn.    Chem,  Pharm.  cxxxvii.  311  ;  L.   Meyer,  ib,  cxzxix.  2^5 ; 
FnnkUnd  and  Dobbin,  Joum.  Chem,  Soe.  1878,  i.  545. 
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one  propylene,  throe  butylenes,  C^Hg,  exist,  and  the  assumption 
that  the  olefines  each  cout;iin  two  carbon  atoms  doubly  linked 
stands  in  complete  accordance  with  this  fact,  whilst  on  the 
other  hypotheses  a  larger  number  of  butylenea  are  possible. 
These  three  butylones  are  obtained  by  removing  the  elements  of 
hydriodic  acid  from  the  w^ell  known  butyl  ioilides.  The  normal 
primary  iodide  yields  a  butylene  different  from  that  obtained 
from  the  secondary  iodide.  Both  olefines  how^ever  unite  with 
hydriodic  acid  to  form  the  secondary  iodide.  A  third  butylene 
is  formed  both  from  isobutyl  iodide  and  from  tlie  tertiary  iodide, 
and  it  combines  with  hydriodic  acid  to  form  the  latter  body. 
If  we  now  assume  that  these  olefines  contain  free  combining 
units,  their  constitution  can  only  be  represented  by  the  following 
formulse : 


CIL 

I 
CH, 

I 
— CH 

— CH,, 


— CH 

I 
— CH 


CH. 


I 

— ca 


CH, 


In  other  words  it  is  proved  in  this  as  in  all  other  cases  that 
the  carbon  atoms  which  are  not  saturated  with  hydrogen  are 
the  two  ncighbouiing  ones  and  the  simplest,  and,  therefore,  the 
most  probable  hypothesis  is  that  these  two  atoms  are  connected 
together  by  double  linkage. 

When  the  olefines  are  oxidized  by  potassium  bichromate  and 
dilute  sulphuric  acid,  they  decompose  in  a  similar  way  to  the 
secondary  or  tertiary  alcohols,  and  the  division  of  the  molecule, 
except  in  the  case  of  ethylene,  always  takes  place  where  the 
double  linkage  occurs.  Potassium  permanganate  in  aqueous 
or  acid  solution  acts  in  a  similar  way,  but  at  the  same  time 
bibasic  acids  are  mainly  produced. 

As  examples  the  following  may  be  quoted : 


Propylena 

Ca,.CH-CHj. 


(CH3),C-CH,. 


Propyl -ethyl  en  »♦ 

CHs.CHj.OHj.CII=CHj. 


Motb  y  1  *  p  ropy  1  -e  th  yleou* 

CHj,.CHj.'cH,.CH-CH.CH,. 


Etiiyl-dimctliyl-ethylene. 

CH,.CHj.CHz:C(CH3), 


Tetraiiiethvl-«tliylene. 

(CH3),C£C(CH,)^ 
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Of  these,  the  two  first  yield  on  oxidation  carbon  dioxide,  acetic 

acid,  and  formic  acid,  isobutylene  yielding  acetone  in  addition. 

Tropyl-ethylene  yields  normal  butyric  acid  and  formic  acid,  and 

■the  first  of  these  acids  is  formed  together  with  acetic  acid  from 

xnethyl-propyl-ethylene,  whilst   ethylilimethyl-etbyleiie  yields 

propionic  acid,  and  acetone  or  acetic  acid.     On  the  other  hand, 

t^tramethyl-ethylcne  yields  only  the  two  latter  compounds. 

The  above  examples  serve  to  illustrate  the  nomenclature  of 

olefines,  their  names  being  obtained  by  the  addition  of  the 

syllable  -en^  to  the  name  of  the  corresponding  monad  radical* 

Another  nomenclature  which  is  sometimos  adopted  is  to  change 

the  vowel  a  in  the  terminal  syllable  of  the   paraffin  into  e, 

othanc  thus  becoming  ethen*,   &c.     As  all  the  oletinea  may 

looked   upon  as   derivatives   of  ethylene,  propylene   may 

termed  methyl-ethyleoe,  and  isobutylene,  dimethyl-ethylene. 

Tbis  form  of  nomenclature  is  especially  useful  for  the  distinction 

of  isomeric  olefines,  as  the  above  examples  indicate, 

453  Formation  of  the  Olrjines.  Olcfines  arc  formed  in  several 
waya.  They  are  obtained  from  the  alcohols  of  the  monad  radicals 
by  the  action  of  dehydrating  agents,  such  as  sulphuric  acid, 
phosphorus  pentosidc,  zinc  chloride,  &c* 

The  haloid  ethers  of  the  alcohol  radicals  are  converted  into 
ihe  olefines  when  they  are  heated  with  alcoholic  potash  : 

C,Ht,I  +  KOH  -  C^H^  +  KI  4-  H,0, 

The  secondary  and  tertiary  compounds  readily  undergo  de- 
composition in  this  way,  some  of  the  latter  class  even  decom- 
posing spontaneously  at  teraperaturcd  considerably  above  their 
boiling-pointa.  The  primary  haloid  ethers  which  are  attacked 
by  potash  with  greater  diffirulty,  always  yields  together  w*ith  the 
olefines,  a  mixed  ether,  whilst,  secondnry  cldorides  yield  with 
potassium  acetate  and  glacial  acetic  acid  under  pressure,  not 
only  the  acetic  ethers  but  also  an  olefine  (Schorlemnier).  The 
baloid  ethers  are  likewise  converted  into  olefines  by  heating 
with  oxide  of  lead  to  220\i 

The  olefines,  moreover,  mny  be  prepared  synthetically.  For 
example,  the  butylene  termed  ethyl-ethylene  nuiy  be  obtained 
by  the  action  of  zinc-ethyl  on  monobrom- ethylene : 

gC^H^Br  -h  Zn'C.H,),  =.  2C,H3.C2H^  +  ZnBr^. 

Allyl    iodide,    CgH:^!,   similarly  treated   yicdds  a  pentylene, 
5— CH  CH.VCH2CH3,   which   is   propyl-ethylene. 

^  Eltckovr,  Jaum,  Muss,  Chim,  Gts^  p.  89. 
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hmmbeaAr 
The    bjdiocabrboos  which 
Smaiwei  in  dilute  aeids 
thcac  bodkaare^  femnd 


are 


(we  fttrt  i  {L 137). 
erolired  vhcA   eut-iioQ   is 

the  pffodoetiof  the  destniclive 
distiilatioo  of  inaoj  orgaoie  oompoandsi  lod  hence  occur  in 
eod-gu^  eoal-lar,  wood<lar,  ftc 

Sue  chloride  or  sn^iluirie  acid  eaalj  converti  the  olefina 
into  polraieric  mcjdi&nlioDs,  and  hence  when  ihey  are  prepared 
from  the  alcohola  hj  means  of  theie  bodies^  poiymerie  hjdro- 
cu'booi  aie  geneiaUj  farmed.  In  tfan  fennation  a  double  de- 
oompoflitian  between  the  olefine  and  onatuclccd  aloobot  takes 
pbce.^  Tbtts^  for  example,  bf  the  aetion  of  sulphoric  add  on 
tmaeth^l^carbind,  di*itQbat]rIcM  and  tri-isobntykne  are 

Tlie  fiame  producU  are  obtauied  by  heattng  isobutjIe^T 
tertiary-butyl  icxJide,  aod  lime  to  100^•  The  eonstitiitioe  of 
these  and  other  polymeric  olefinea  will  be  discussed  under  their 
several  bead& 

454  Suhdituium'products  of  the  olefinea.  Inasmuch  as  the  ele- 
ments of  the  chlorine  group  unite  directly  with  the  olefines,  these 
IxKiies  naturally  do  not  directly  give  rise  to  substitution-products, 
although  such  compouuds  may  be  obtained  indirectly.  For 
example,  the  four  atoms  of  hydrogen  in  ethylene  may  be  replaced 
successiirely  by  chlorine,  by  combimnor  the  olefine  with  chlorine, 
aod  then  heating  the  ethylene  dichloride  with  alcoholic  potash: 

C,H,CI,  +  KOH  =  C^H^Cl  +  KCl  +  H,0, 

The  monochlor-ethylene  thus  formed  again  combines  with 
chlorine  to  form  monochlor-ethylene  dichloride,  and  this  is  con- 
verted by  alcoholic  potash  in  dichlor-ethylene,  and  so  on. 

455  '^'(y'^'«*  This  name  is  given  to  the  class  of  diatomic 
alcohols,  the  first  term  of  which  series  is  ethylene  alcohol  or  glycol, 
C,H4(0H)|.   This  was  first  obtained  in  1856  by  Wurtz,  a  discovery 

*  n«hn.  Jnn.  Chfm.  PMrm.  cxxir.  57  ;  WElkmtp  SaUman'M  Jmer,  Joum, 
[81,  vi.  3«3 ;  CIjci,  Cmnftt,  Jin%d,  Ixxrili.  1565. 

'  Biitlefow,  Ann,  Chcm,  Pftarm,  clxzxix.  47, 

•  Lcroioutow,  /^.  cxcvi.  11^* 
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which  was  soon  followed  by  that  of  several  of  its  homologues. 
Up  to  that  time,  only  the  alcohols  of  monad  radicals  were  known, 
with  the  single  exception  of  glycerin,  C3H5(OH)3,  which,  ad 
Berthelot  had  pointed  out,  is  an  alcohol  of  a  triad  radical.  It 
appeared  therefore  to  Wurtz  not  unlikely  that  an  alcohol  might 
exist  intermediate  between  alcohol  and  glycerin.  This  was 
borne  out  by  experiment,  and  the  body  thus  obtained  he  termed 
glycol,  "pour  marquer  la  double  analogie  qui  les  relie  k  la 
glycerine  d'une  part,  k  Talcool  de  Tautre."  * 

The  glycols  may  be  obtained  from  the  haloid  ethers  of  the 
dyad  radicals,  in  a  similar  way  to  that  by  which  the  common 
alcohols  are  obtained  from  their  corresponding  ethers.  Several 
other  modes  of  preparation  will  be  described  hereafter. 

After  Wurtz  had  prepared  the  four  first  glycols,  he  made 
the  singular  observation  that  the  boiling-points  of  these  bodies, 
in  opposition  to  those  of  members  of  the  other  homologous 
series,  do  not  rise  but,  on  the  contrary,  diminish  for  every 
increment  of  CH^  as  follows : 

B.P. 
Ethylene  glycol,    CgHgOj      197^-5 
Propylene  glycol,  CgHgOg       188** 
Butylene  glycol,    G^B^fi^      183** 
Amylene  glycol,   CfiH^gOj      177* 

This  apparently  anomalous  fact  has  since  been  very  satis- 
factorily explained,  for  the  constitution  of  the  above-named 
bodies  are,  in  fact,  not  analogous.  **  That  this  is  the  case  is  seen 
from  the  following : 

Ethylene  glycol.  Propylene  glycol. 

CH  .OH  CH3 


i 


I 

H..OH.  CH.OH 


A 


H^OH. 

Butylene  glycol  Amylene  glycol 

CH«  CH«  CH«  CM. 

C.OH  C.OH 

Hj.OH.  CH.OH 


h 


i> 


»  Ann,  Chim.  Phys.  [3],  Iv.  402. 
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Ethylene  glycol,  according  to  this,  is  a  primary  alcohol; 
propylene  glycol,  on  the  other  hand,  is  a  primary-secondary 
compound ;  whilst  the  third  alcohol,  also  termed  isobutylene 
alcohol,  is  a  primary-tertiary  alcohol ;  and  amylene  glycol  is  a 
secondary-tertiary  alcohol 

The  primary  alcohol,  trimethylene-glycol,  CH2(OH).CH2CH2- 
(OH),  isomeric  with  propylene-glycol  boils  at  216**,  from  which 
it  appears  that,  in  the  case  of  the  normal  primary  glycols,  the 
boiling-point  rises  in  exactly  the  same  ratio  as  it  does  in  the 
case  of  the  corresponding  alcohols  of  the  normal  series. 

456  Pinacorus,  In  addition  to  the  foregoing,  we  are  also 
acquainted  with  glycols  which  are  only  secondary,  or  only 
tertiary,  alcohols.  The  tertiary  glycols,  which  are  termed  pina- 
eanes,  are  easily  obtained  synthetically  from  the  ketones  by 
bringing  them  in  contact  with  nascent  hydrogen,  when,  of 
course,  a  part  of  the  ketone  passes  over  into  the  secondary 
alcohol,  a  result  which  may  be  to  a  great  extent  prevented 
by  keeping  the  ketone  out  of  solution.  Common  acetone  yields 
the  simplest  pinacone  or  tetramethyl-ethylene  alcohol : 

CH3  CH3  CH3  CH, 

CO  H  C.OH 

+  =  I 

CO  H  C.OH 

CH3  CH3  CH3  CH3. 

The  glycols  yield  on  oxidation,  according  to  their  constitu- 
tion, different  products.  Those  which  are  only  primary  alco- 
hols, are  converted  first  into  monobasic,  and  afterwards  into 
dibasic-acids : 

Ethylene  Alcohol.  Oxyacetic  Acid.  Oxalic  Acid. 

CH2.OH         CH-.OH       CO.OH 

I  I  I 

CH2.OH         CO.OH       CO.OH. 

Primary-secondary,  and  primary-tertiary  glycols  yield,  as  first- 
product,  a  monobasic  oxyacid : 

Lactic  Acid,  or 
Propylene  alcohol.  o-Oxypropionic  Acid. 

CHo  CH« 

I  I 

CH.OH  CH.OH 

I  I 

CHj.OH  CO.OH. 
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Isobntylene  Alcoliol.  Oxyisobutyric  Acid. 

CIL  CHo  CHo  CHji 

C.OH  C.OH 

CH2.OH  CO.OH 

The  oxyacids  thus  obtained  are  considered  in  the  following 
chapter. 

The  secondary  glycols  yield  on  oxidation  two  molecules  of  a 
fatty  acid,  whilst  the  tertiary  alcohols  or  pinacones  are  first 
reconverted  into  the  ketones  from  which  they  originated. 

457  Oxhides,  The  first  product  obtained  by  the  action  of  hydro- 
chloric acid  on  a  glycol  is  a  chlorhydrin,  one  of  the  hydroxyls 
being  replaced  by  chlorine.  These  compounds  which  are  half 
chlorides  and  half  alcohols,  and  which,  as  has  been  stated,  may 
also  be  obtained  by  the  direct  union  of  the  olefines  with 
hypochlorous  acid,  are  easily  attacked  by  caustic  potash,  and 
thus  the  oxide  is  formed  : 

CILCl  CH. 

I  +    KOH     =      I      >0     4     KCl    +    H5O. 

CH2.OH  CH^^ 

The  oxide  in  the  above  case  is  isomeric  with  acetaldehyde 
which,  as  we  have  seen,  may  be  regarded  as  the  oxide  of  a  dyad 
radical  ethidene,  nCH.CHy 

The  ketones,  like  the  aldehydes,  behave  in  many  respects 
Uke  oxides  of  dyad  radicals,  and  hence  in  the  propylene  series 
we  have  the  following  four  oxides : 

Propylene  Trimethylene        Propiopaldehyde  or    Dimeth^methylene 

Oxide.  Oxide.  Propideiie  Oxide.  Oxide. 

CH3        CH3  CH3  CH3 

I  I   \  I  I 

CHv      CH,  0       CH.        CO 

i  >     I  "/        I  i 

CH/     CH,        CHO        CH3. 

It  is  a  remarkable  fact  that  the  glycols  are  not  converted  into 
the  corresponding  oxides  by  the  removal  from  them  of  the 
elements  of  water,  but  that  aldehydes  or  ketones  are  thus 
formed.  For  example,  when  ethylene  glycol  is  heated  with 
zinc  chloride,  acetaldehyde  is  formed,^  and  this  is  also  produced 
when  ethylene    alcohol  is    heated  with  water  to  220° — 230°.* 

*  Wnrtz,  Compt.  Rend,  xlvii.  846  ;  Ann,  CJicm,  Pharm.  cviii.  84. 
'  Nevoid,  CompL  Bend,  Ixxxiii.  228. 
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Id  the  case  of  the  glycols  richer  in  carbon  the  change  takes 
place  at  a  lower  temperature,  and  it  is  not  necessary  first 
to  prepare  the  glycols,  inasmuch  as  if  the  dibromide  of  the 
olefine  be  heated  with  water  and  oxide  of  lead  to  140** — 150°, 
the  glycols  which  are  formed  to  begin  with,  decompose  in 
various  ways  according  to  their  constitution.^  Thus  compounds 
containing  the  group -CHBr-CHgBr,  form  an  aldehyde  and 
a  ketone,  the  glycol  undergoing  two  distinct  decompositions. 

OIL  CH, 

I  X 

CH.OH    =    CH.    +    ILO 

I  J 

CH,.OH  COH 


CH3  CH3 

CH.OH    =    io      + 

A: 


H,0 


Hj.OH         CH3. 


If  the  group  —  CBr— CHgBr  be  present,  the  aldehyde  only 
is  formed  ;  isobutylene  dibromide,  (CHJgCBr.CH^Br,  yields 
isobutyl  aldehyde  (CH3)2CH.COH.  If  the  compound  contain 
the  group  — CHBr.CBm  or  zzCBr.CBnz  the  ketone  only  is 
formed.  Hence  the  pinacones  decompose  very  readily  into 
water  and  the  ketones,  to  which  the  name  of  pinacolines  is 
given.  The  formation  of  the  ketones  is  seen  in  the  following 
equations : 

GH.3  CMo  (^H.3  Cxi« 

COH  CH 

I  =  I  +    H,0 

CH.OH  CO 

I  I 

CH3  CH, 

CHo  CHo  CHo 

COH    -    CH3— C— CH, 
I  I  +    H,0. 

COH  CO 

/\  I 

CH3    CH3  CH3. 

*  Eltekow,  Joum,  Ituss.  Chem.  Gea.  x.  211. 
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45S  Etherextl  Salts  of  the  Dtjad  Madicais,  It  lias  already  been 
stilted  tbat  the  defines  readily  combine  ivitli  chlorine  and 
bromine  and,  less  easily,  with  iodine  to  form  the  haloid  ethers, 
amongst  which  also  ethereal  salts  are  known,  such  as  ethylene 
chloriodide,  C^jH^ClI,  obtained  by  the  union  of  ethylene  and 
chlorine  raoniodide.  Haloid  ethers  of  dyad  radicals  are  also 
formed  by  the  action  of  chlorine  or  bromine  on  the  chlorides 
or  bromides  of  the  monad  radicals  and  these  are.  therefore, 
-_the  second  substitution-products  of  tlie  paraffins*  The  corn- 
Pounds  thus  obtained  are  some  of  them  identical  with  and 
others  different  from  those  obtained  from  tlie  olefines.  Tims, 
for  instance,  ethane  yields  etliidene  chloride,  CH^CHCL,  iso- 
meric with  ethylene  chloride,  but  propane  yields  propylene 
chloride,  CHa.CHCl.CH.Cl  (Schorkmmer). 

Bodies  isomeric  with  the  ethereal  haloid  salts  are  formed  by 
the  action  of  phosphorus  pentachloride  or  phosphorus  bromide 
on  the  aldehydes  and  ketones,  Acetaldehyde  or  ethidene  oxide 
yields  ethidene  chloride,  and  ordinary  acetone,  or  dimethylme- 
thylene  oxide  yields  dimethylmethylene  chloride,  CH3  CCI2.CH3, 

Other  compounds  may  easily  be  obtained  from  the  haloitl 
ethers  by  double  decomposition.  As  these  reactions  are  auah>- 
gous  to  those  yielded  by  the  haloid  ethers  of  the  monad  radicals 
it  is  not  necessary  to  enlarge  on  this  subject  here.  Only  one 
point  must  be  mentioned,  namely  that  the  haloid  ethers  which 
are  derived  from  aldehydes  or  ketones,  cannot  be  converted 
into  alcohols,  although  they  can  be  converted  into  ethers  or 
ethereal  salts.     Thus,  for  instance,  aldehyde  yields  : 

-  Ethidene  Diethvl  Oxide.  Etbitleno  Diiicetate. 

p.  CH3.CH(OC,H5)3  CH3.CH(0C,H,O). ; 

but  if  we  attempt  to  convert  the  last  named  body  into  the 
corresponding  alcohol,  aldehyde  is  again  formed.  It  appears, 
Jiowever,  not  uidikely  that  ethidene  alcohol  and  its  homulogues 
No  exist  in  aqueous  solution ;  for  if  aldehyde  be  mixed  with  water 
an  evolutitm  of  heat,  and  contraction  takes  place,  facts  which 
seem  to  indicate  the  occurrence  of  the  following  reaction : 

L  CH3  CHO  H-  H,0  =:=  CHgCHrOH),. 

This  is  rendered  probable  by  another  circumstance,  namely 
that  the  aqueous  solution  of  aldehyde  boils  higher  than  the  pure 
compound  (see  part  i.  p,  477).    As,  however,  water  and  aldehyde 


u 
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jmay^  be  completely  separated  by  fractional  distillation,  or  by 
f  means  of  calcium  cbloride,  there  is  no  doubt  that  ethidene 
alcohol,  if  it  exists  at  jdl.  muHt  be  a  very  unstiible  body. 
Although  alcohola  contaioing  two  or  more  hydroxyls  in 
contact  with  the  same  carbon  iiiom  have  not  been  prepared  in 
the  pure  state,  tlie  substitutinn- products  of  such  compjunds  are 
known.  Of  these  we  have  chloral  hydrate,  CCl3CH(OH)2, 
which  has  already  been  mentioned,  and  will  hereafter  be 
described  as  trich  1  ore tlii dene  ^lycoL 

Accord iug  to  theory  the  compounds  of  the  dyad  radicals  are 
more  numerous  than  tliose  of  the  monad  ones,  not  only  because 
in  the  first  place  a  much  larger  number  of  cases  of  isomerism 
may  occur,  but  also  because,  in  addition  to  tlie  simple  com- 
pounds, that  is  those  which  contain  two  similar  atoms  or  nidi- 
cals,  a  large  number  of  mixed  compounds  may  exist  in  which 
two  ditterent  atoms  or  radicals  are  present  Several  examples 
of  this  kind  have  akeady  been,  and  others  v^dll  heretifter  be, 
mentioned. 
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459  It  has  already  been  stated  that  these  monobasic  acids, 
called  the  lactic  scries,  from  the  long  well  known  body  lactic  acid, 
are  obtained  by  the  moderate  oxidatitm  of  those  glycols  containing 
an  hydroxy  1  in  the  primary  position.  They  may  be  more  easily 
and  simply  obtained  by  replacing  the  halogen  in  the  mono- 
substituted  fatty  acids  by  liydroxyl,  and  hence  they  are  also 
tenned  the  hydrojj/'  or  oxi/'Umh,  Thus  fur  example,  glycollic 
or  oxyacefcic  acid  is  obtained  by  boiling  an  aqueous  solution  of  a 
monochloracetate  w  ith  an  excess  of  water : 


I 
CO,H 


H,0 


CH^OH 


J. 


4-     HCl. 


CO,H 


In  a  similar  way  a-monobrompropionic  acid  is  converted  into 
,  lactic  acid  : 


a- Brom propionic  Acid, 

CH, 


CHBr 
.H 


CO,I 


I«:tic,  or  a-Oxyproplonio  Acid. 

CH. 

I 
CH.OH 

I 
COjH, 
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The  adds  of  this  group  may  also  be  obtained  synthetically  in 
a  variety  of  ways : 

(1)  Their  nitrils  are  formed  by  the  direct  combination  of  an 
aldehyde  with  hydrocyanic  acid,  and  these  are  readily  decom- 
posed into  the  oxyacid  by  heating  with  a  dilute  mineral  acid. 
Thus  from  acetaldehyde,  lactic  is  prepared  : 

CH3 
I     +     HON     =«   CH.OH 


CHO 


CN. 


CH.«  Cxi. 

I  I 

CH.OH  +  2H-0  +  HCl  =  CH.OH  +  NH.Cl 

I  I 

CN  CO.OH. 

(2)  The  ketones  behave  in  an  exactly  similar  way  to 
the  aldehydes.  Thus  acetone  yields  oxyisobutyric  acid, 
(CH3)2C(OH)C02H,  and  this  may  also  be  easily  obtained  from 
monobrom-isobutyric  acid. 

(3)  The  nitrils  of  the  oxyacids  are  also  formed  by  heating  the 
chlorhydrin  with  potassium  cyanide.  Ethylene  chlorhydrin  thus 
yields  a  nitril  from  which  ethylene  lactic  acid  can  be  obtained,  a 
body  isomeric  with  ordinary  lactic  acid  or  ethidene  lactic  acid  : 

Ethylene  Cyanhydrate.  Ethylene  Lactic  Acid. 

CH^OH  CH..OH 

I     '  I 

CH  CH„ 

I  I 

CN  CO.OH. 

(4)  Ethereal  siolts  of  the  oxyacids  are  also  formed  when  a 
normal  ether  of  oxalic  acid  is  treated  with  the  zinc-compound  of 
an  alcohol-radical,  or  heated  with  zinc  and  the  corresponding 
iodide,  t"he  product  of  the  reaction  heing  treated  with  water.^ 
Thus  for  example  the  methyl  ether  of  oxyisobutyric  acid  is 
obtained  by  the  following  reactions : 

CH3  CH, 
CO.OCH,  \  / 

(a)      I  +     Zn(CHj)j   =  CO.ZnOCH, 

CO.OCH-  I 

CO.OCH3. 

*  Fnnldand  and  Dnppa,  Proe,  Soy.  Soe.  xiiL  140. 


CHj,  CH,  CH,  CHj 

(Ij)         CO.ZuOCH,  +  2HjO  =  CO.H  +  HO.CHg  +  Zii(OH), 


io. 


OCH, 


CO.OCH, 


J 


The  oxyacids  are  at  once  alcohols  and  monobasic  acids,  and 
therefore  exhibit  the  properties  of  both  groiips.  When  they 
are  heated  with  the  hydracida  of  the  chlorine  ^roup  their  haloid 
etliers  or  monosuhstitiited  fatty  acids  are  formed : 


CH,.OH 


COgH 


+    HBr     - 


CH,Br 
COjH 


^    H,0. 


This  reaction  is  in  exact  correspondence  to  that  which  occurs 
by  the  action  of  hydrobromic  acid  on  alcohols*  The  moniodo- 
acids,  formed  in  an  analogous  way,  are  reduced  to  fatty  acids  if 
a  sufficient  quantity  of  hydriodic  acid  be  present : 


CHJ 


CH, 


I  +    HI    =      I 

CO,H  C< 


+     I,- 


0^ 

If  laetic  acid  be  heated  with  ethyl  alcohol,  ethyl  lactate  is 
obtaiaed,  a  nc-utral  liquid  'which  is  also  an  alcohol,  and  there- 
fore contains  one  atom  of  hydrogen  replaceable  by  sodium. 
If  the  sodium  compound  be  treated  with  ethyl  iodide  diethyl 
lactate  is  formed,  a  neutral  liquid  \\hich  is  decoinix)sed 
by  caustic  potash  with  formation  of  potassium  ethyI-lacUit<j. 
From  this  salt  ethyl-ljictic  acid  itself  can  bo  obtained  and  this 
is  isomeric  with  ethyl  lactate,  but  differs  from  it  widely,  in- 
asmuch as  it  is  as  powerful  an  acid  as  lactic  acid  itself,  Tlie 
constitution  of  these  ethers  and  compound  ethers  is  shown  in  the 
following  formulsB : 


£%1  Lactate. 

CH. 

I 
CH.OH 

I 
CO.OC.Hj 


Diethyl  Lactate. 
CH, 


H.OCA 


CO.OCjH^ 


E'.liyl  Luetic  Acid. 

CH. 

I 
CH.OC,H. 

I 
CO.OH. 


As  the  acids  of  this  group  are  at  once  jdcohols  and  acids, 
they  may  unite  with  themselves  to  form  ethers,  two  molecules 
acting  upon  oue  another,  one  acting  as  the  acid  and  the  other 
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as  the  alcohoL 
takes  place : 

Oa  heating  lactic  acid  the  following  reaction 

CH, 

CH, 

OH.OH 
CO.OH 

CO.OH          CH.O.CO           +    HjO 
CH.OH   ~    CO.OH  CH.OH 
CH,                          CH,. 

The  body  thus  obtained,  is  at  once  an  ethereal  salt,  an  alco- 
hol and  an  acid,  and  on  further  heating,  gives  up  water  and  is 
conTerted  into  a  compound  which  is  only  an  ethereal  salt : 

CH,  CH, 

I  r 

CH.O.CO  CH.O.CO 

I -     l_       I       +    H,0 


CO. 


OH  CH.O.H  CO.O.CH 


CH, 


i. 


5H,. 

Concentrated  nitric  acid  acts  upon  the  oxyacids  in  a  similar 
way  as  upon  the  alcohols,  a  nitric  ether  being  formed.  Lactic 
add  thus  yields  so-called  nitro-lactic  acid  : 

CH3 

CH.NO3 

I 
CO.OH. 

Heated  with  phosphorus  pentachloride  two  hydroxyls  of  the 
acid  are  replaced  by  chlorine,  compounds  being  formed  which  are 
at  once  alcoholic  chlorides  and  acid  chlorides.  From  lactic  acid 
lactyl  chloride,  CH3.CHCI.COCI,  is  obtained  which  on  treatment 
with  water  is  decomposed  into  hydrochloric  acid  and  a-chlor- 
propionic  acid. 

460  The  Amido-acids  are  formed  by  the  action  of  ammonia 
on  the  monosubstituted  fatty  acids.  Thus  chlorpropionic  acid 
is  converted  into  amidacetic  acid : 

CH.C1  CH2.NH2 

I  +     NH3    -     I  +    HCl. 

COgH  CO2H 

This  reaction  is  analogous  to  that  of  the  formation   of  the 
amines  from  the  haloid  ethers,  and  as  in  that  case  so  also  in  this 
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the  reaction  easily  passes  beyond  this  point,  diglycolamidic  and 
triglycolamidic  acids  being  formed  together  with  glycolamidic 
acid. 

The  amido-acids  are  perfectly  neutral.  They  combine,  how- 
ever, like  the  comp«jnnd  ammonias,  \\  ith  acids,  and,  at  the  same 
time,  contain  one  atom  of  hydrogen  capable  of  replacement  by 
a  metal.  As  these  acids  are  at  the  same  time  bases  they  may 
more  properly  he  considered  as  being  ammonium  salts,  and  the 
constitution  of  the  amido-acids  may,  therefore,  be  represented 
by  the  following  formulae : 

n  or       i    ^'       ^1 

€0.0  CO.O(NHJCH,. 

The  latter  of  these  appears  to  be  the  more  probable,  as  araido- 
acetic  acid  forms  two  salts  with  hydrochloric  acid,  whose  consti- 
tution is  most  simply  represented  by  tbe  following  : 

CH^NH^Cl  CH^CNHj,)  .0     CO 

CO  OH  CO.OH  (CINHJCH^ 

Metals  which  form  powerful  bases  yield  salts  which  have  an 
alkaline  reaction  as  they  are  at  the  same  time  fimines ;  thus,  for 
example,  potassium  amidu-acetate,  CHiNH2)C0.jK. 

The  amido-acids  also  form  compoyiids  with  salts,  constituting 
a  peculiar  class  of  double  salts,  such  as  : 

CHyNH^NO, 

CO.OK, 

461  Amides  of  the  Oxyacuh.  Tliese  bodies  are  isomeric  with 
tbe  amido-acids  and  are  obtained  in  a  similar  way  as  the  corre- 
spondi ug  compounds  of  the  fatty  acid  series.  They  act  as  weak 
bases  but  at  the  same  time  also  as  alcohols.  If^  on  the  other 
hand,  the  hydroxyl  be  replaced  by  the  ainido  grotip,  powerful 
bases  are  formed.  Hence  glycollic  acid  yields  the  ful lowing 
amido  compounds: 

Glycolamide,  Di^lycolttmide,  or 

m  Oxyacetaniide.  AmiJo-acetamide. 

CH^OH  CHa-NH, 

CO.NHj.  CO.NH,. 


I 
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The  above  examples  suffice  to  show  the  double  character  of 
the  ozyacids.  They  are  at  once  monobasic  acids  and  alcohols. 
Like  the  latter  they  may  be  divided  into  primary,  secondary,  and 
tertiary  compounds,  and  on  oxidation  they  comport  themselves 
exactly  in  a  similar  way  to  the  corresponding  simple  alcohols. 

It  may  also  be  mentioned  that  the  aldehydes  of  these  acids  are 
known,  as  also  aldehydic  acids  and  ketonic  acids,  these  being 
monobasic  acids  which  at  the  same  time  are  aldehydes  or  ketones. 
These  will  be  mentioned  under  the  special  headings. 
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462  These  acids  contain  the  carboxyl  group  twice,  and  hence 
they  are  related  to  the  primary  glycols  as  the  fatty  acids  are  to 
the  primary  alcohols.  They  are  therefore  formed  by  oxidation  of 
these  glycols  as  well  as  of  those  oxyacids  in  which  the  alcoholic 
hydroxyl  is  contained  in  the  primary  position : 

Ethylene  glycoL  Glvcollic  Acid,  Oxalic  Acid. 

CHyOH  CH^-OH  CO.OH 


t 


H2.OIL  CO.OH.  CO.OH. 

They  can  be  prepared  synthetically  by  a  variety  of  methods. 

(1)  Their  nitrils  are  formed  when  the  haloid  ethers  of  the 
olefines  are  heated  with  potassium  cyanide.  By  the  action  of 
caustic  potash  or  a  mineral  acid  on  these,  the  homologous  acids 
are  obtained  of  the  series  of  which  oxalic  acid  is  the  first  term. 

Ethylene  can  thus  be  easily  converted  into  succinic  acid : 

Succino-nitril.  Succinic  Acid. 

CN  CO.OH 


CH, 


1,  CHj 

I         +    m^O    =      I         +    2NH8 
CHo  CHo 

I  I 

CN  CO.OH. 

When  a  solution  of  the  potasium  salt  of  succinic  acid   is 
electrolysed,  ethylene,  carhon  dioxide,  and  water  are  formed  : 

<'A<cS'S    -    C,H,    +    2C0,    +    H^ 


20  COMPOUNDS  CONTAININQ  DUTOMIC  RADICALa 

The  higher  homologues  are  decomposed  in  an  analogous  way, 
the  corresponding  olefines  being  produced. 

(2)  The  halogen  in  the  monosubstituted  fatty  acids  may  be 
replaced  by  cyanogen,  compounds  being  formed  which  are  at 
once  monobasic  acids  and  nitrils,  and  these  may  be  converted,  by 
well  known  reactions,  into  the  dibasic  acids  : 

a-Brompropionic  Add.        a-Cyanpropionic  Acid,  Iso-succinic  Acid. 

CH,  CH3  CH3 

CHBr  CH.CN  CKCO^H 

COjH.  COjH.  COjH. 

(3)  The  dibasic  acids  may  also  be  obtained  from  the  simple 
iodated  fatty  acids  by  heating  with  finely  divided  silver : 

/S-Iodpropionic  Acid.  Adipic  Acid. 

COjH  -COjH 


CH2  CHj 

CH, 


CH,I 


2Ag      =        I  +    2AgI. 

cr 

CH,  CI 

I 


CHjI  CH, 

CH, 

CO^H  COjH 

a-Brompropionic  acid  is  converted  by  the  same  reaction  into 
dimethyl-succinic  ax;id,  C02H.CH(CH3).CH(CH3).COjH. 

(4)  The  synthetic  preparation  of  those  acids  by  means  of  the 
accto-acetic  ether  reaction  is  of  special  importance,  being 
capiible,  as  the  foUowing'examples  show,  of  general  applicability. 
By  the  action  of  ethyl  chlorcarbonate  on  sodium  aceto-acetic 
ether,  acdo-malonic  ether  is  obtained : 

CH3  CH, 


i 

io^CjH,  C0,.C,H5 


O  CO 

+    Cl.COyC-H.    =      I  +    NaCl. 

iHNa  CH.C0yCjH5 


If   ethyl  monochloracetate    be  employed,  the   homologous 
aeeto-succinvi    ether  is    produced ;    and    the    ethyl    ether    of 
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a-brompropionic  acid  yields  the  acetic  ether  of  pyrotartaric  acid 
or  mdhyl-succinic  acid.  This  latter  ether  is  also  obtained  from 
sodium-methyl-aceto-acetic  ether  and  ethyl  chloracetate  as  well 
as  when  one  atom  of  hydrogen  in  aceto-succinic  ether  is  replaced 
by  sodium  and  the  compound  thus  obtained  treated  with  methyl 
iodide. 

Concentrated  potash  decomposes  these  ethers  in  a  similar  way 
to  aceto-acetic  ether  : 

GO.OCgH^  CO.  OK 

CH,  CBL 

I  +  3K0H    =     I      +  CH3.CO.OK  +  2H0.C,H,. 

CH.CO.CH3  CH- 

CO.OCjHg  CO.OK 

Diluted  caustic  potash  or  baryta-water  on  the  other  hand 
chiefly  yields  a  ketonic  acid  : 

CH,  CH3 

I  I 

CO  CO 

CH— CO.OC^j  +  3K0H  =  CH^  +  COCOK)^  +  2HO.C2H5 

CIL  CHj 

i  I 

CO.OCjH^  CO.OK. 

In  this  way  ifethyl-ketone-propionic  Add,  or  a-Acetopropionic 
acid,  is  produced. 

(5)  A  no  less  important  method  is  that  in  which  malonic  acid, 
CH^iCOfi)^  is  the  starting  point.^  If  the  ethyl  ether  of  this 
acid  be  treated  with  a  solution  of  sodium  ethylate,  scdium- 
malonic  ether,  CHNaCCOgCgHg)^^,  is  obtained,  and  in  this  the 
metal  may  easily  be  replaced  by  an  alcohol  radical  when 
presented  in  the  form  of  iodide : 

CO.OC2H4  CO.OC2H5 

CHIfa  +    ICH2.CH3    =    CH.CH2.CH3     +    Nal. 


i 


O.OaHj  CO.OCjHj 

'  Conrad,  Ann.  Chan.  Pharm.  cciv.  127. 
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One  atom  of  bydrogen  in  the  ethyl-malonic  ether  thus  fonneil 
can  again  be  replaced  by  sodiam,  and  the  latter  by  an  alcohol 
radical  If  ethyl  be  again  introdaced,  the  ethyl  ether  of  diethyl 
malonic  acid  is  formed,  an  acid  having  the  following  constitution : 

CO.OH 
C^CHj-C-CH^CH,. 

CO.OH 

The  salts  and  the  free  acid  can  readily  be  obtained  from  the 
ethyl  ether. 

The  acids  of  the  oxalic  series,  as  they  are  named  from  their 
first  term,  can  be  prepared  in  many  other  ways,  as  by  oxidizing 
the  olefines  with  permanganic  acid,  when  to  begin  with  the 
fatty  acids  are  formed,  and  then  the  methyl  group  converted 
into  carboxyl. 

They  are  also  obtained  by  oxidizing  fatty  acids  with  nitric 
acid,  and,  therefore,  may  be  obtained  from  the  monatomic  alco- 
hols and  fats.  Thus  butyric  acid  yields  succinic  acid.  In  the  case 
of  the  higher  members  of  the  series,  the  dibasic  acid  is  easily 
further  oxidized  into  one  or  more  of  its  lower  homologues. 

The  acids  of  the  series  CnHsn-sOs  and  CnBi^g^^^Ot  are  also 
converted  by  nitric  acid  into  dibasic  acids. 

The  acids  of  this  group  are  solid  at  the  ordinary  temperature, 
more  or  less  soluble  in  water,  and  when  pure  they  crystallize 
well.  At  a  higher  temperature  they  decompose.  Those  which 
contain  the  two  carboxyls  connected  with  two  different  carbon 
atoms  are  resolved  into  an  anhydride  and  water ;  thus  succinic 
acid  yields  succinic  anhydride  : 

CBLCO.OH  CHo.CO^ 

I  =      I     '       )0    +    ILO. 

CHyCO.OH  CHyCO^ 

Oxalic  acid  is  an  exception  to  this  rule,  as  it,  on  heating,  partly 
sublimes  as  unaltered  acid  and  is  partly  decomposed  into  formic 
acid  and  carbon  dioxide.  An  analogous  decomposition  occurs  in 
the  case  of  all  the  homologues,  such  as  malonic  acid,  isosuccinic 
acid,  &c.,  in  which  the  carboxyls  are  linked  to  one  carbon  atom : 

CO^H 

I  CH3 

CH,     =       I  +    CO^ 

I  CO^ 

COjH 
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CH. 

CH— COjH    = 

COjH 


CHs 

I 


CO,H 


It  is  unnecessary  to  mention  in  detail  the  other  chemical 
reactions  of  these  acids.  Being  dibasic  they  form  two  series  of 
ethers  and  of  amido-compounds,  as  well  as  other  compounds  both 
simple  and  mixed.     The  following  serve  to  illustrate  this : 


Ethyl 
Ozaiate. 

CO.OCjHj 

Snccinamide. 
p  pr  /CO.NH, 
^s"«\C0.NHj 


Ethyl-oxalio 
Acid. 

CO.OH 

I 
CO.OCjHs, 

Succinatnic  Acid. 

p  „  /CO.OH 
'"«***\CO.NH, 


Ethyl-oxalyl 
Chloride. 

COCl 


A, 


0.00^6 


Succinimide. 

CA<gg>NH. 


In  each  of  the  normal  acids  of  this  series,  the  melting- 
point  decreases  with  every  increase  of  CHg  when  the  body 
contains  an  even  number  of  carbon  atoms.  In  the  case  of  those 
containing  uneven  numbers,  on  the  other  hand,  the  melting- 
point  of  the  acids  increases  with  the  increment  CHj,  but  it 
always  remains  lower  than  that  of  the  acid  next  following  which 
contains  an  even  number  of  carbon  atoms : 


M.P. 

Succinic  acid, 

C,HA 

180° 

Glutanic  acid. 

C,H,0, 

97 

Adipic  acid. 

CeH,,0, 

148 

a-Pimelic  acid, 

CjHjP, 

100 

Suberic  acid, 

CgHiP, 

130 

a-Azelaic  acid. 

CsHiaO^ 

117 

Sebacic  acid, 

^10^18^* 

127 

Brassic  acid. 

CnHavO. 

108 

It  has  however  not  yet  been  ascertained  whether  the  two  last 


named  acids  belong  to  the  normal  series. 
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463  The  radical  iRiihylent  or  mdJwnc^  CH^,  appears  incapable 
of  existing  in  tbe  free  state.  Various  cbemists  have  endeavoured 
to  prepare  it,  but  in  vain*  Perrot  passed  metljyl  chloride 
through  a  red-hot  tube  and  obtained  liydrochloric  acid  and 
ethylene  together  with  other  products.^  Butlerow  has  moreover 
shown  that  it  is  not  produced  by  the  action  of  sodium  or  potas- 
sium on  methylene  iodide  (di-iodonictliano),^  for  on  beating 
this  latter  compound  with  copjx^r  and  water  to  100**  he  obtained 
carbon  monoxide,  carbon  dioxide,  marsh  gas,  and  ethylene,  with 
some  of  its  higlier  homologues.^ 

Heneo  it  would  appear  that  melhylene  in  the  nascent  state 
combines  with  itself  forming  chiefly  ethylene  or  di methylene. 
This  fact  is  a  further  confirmation  of  the  conclusion  that  the 
hydrocarbons  contain  neither  a  dyad  atom  of  carbon  nor  free 
combining  nnits  {see  p.  5). 

Although,  however,  the  free  radical  methylene  is  unknown, 
many  of  it^  compounds  have  been  prepared,  of  which  some, 
such  as  the  haloid  ethers,  &c.,  have  already  bc^en  described,  being 
formed  by  the  replacement  of  two  atoms  of  hydrogen  in  methane 
by  the  elements  of  the  chlorine  group  or  by  radicals  (see 
part  i.  p.  253), 

Tho  oxide  of  methylene  is  formyl  aldehyde,  and,  as  has 
been  stated,  its  aqueous  solution  probably  contains  methyl 
glycol,  CH(0H)2,  a  body  not  known  in  the  free  etato,  and 
probably  not  capable  of  a  sefKirato  existence  (pnrt  i.  p,  208), 

Of  the  other  methyl  compounds  the  following  may  be 
mentioned : 

Mdhyknc  Dimethyl  Eihtr,  or  Meihylal,  CH2(OCH3)2,  is  formed 
together  with  formic  acid  and  methyl  formate,  when  wood-spirit 
is  oxidized  with  manganese  dioxide  and  dilute  fiulphuric  acid.* 

*  Ann,  Oum.  Phys,  [3],  xlix.  04;  Ann.  Chem.  Phartn,  cL.  S7fi. 

'  Ann.  Chem.  Phartn.  cxi.  250,  >  Ih.  cxx.  85«. 

'  Makgatii  Ann*  Uhim.  Phy9,  [2],  lxx«  380 ;  Ann.  Chtm.  P/utrm,  xxxih  &&, 
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In  order  to  explain  the  formation  of  this  body,  we  may  assume 
that  the  methyl  alcohol  is  first  oxidized  to  methylene  glycol,  and 
that  this  is  then  acted  upon  by  the  excess  of  wood-spirit  as 
follows : 

CH,  {  gg  +  2HO.CH3  =  CH,  {  gg^  4  2H,0. 

Methylal  is  an  aromatic  smelling  liquid  boiling  at  42**,  and 
having  at  IS**  a  specific  gravity  of  0  855,  that  of  its  vapour 
being  2*025.  It  dissolves  in  three  parts  of  water,  and  is  con- 
verted, on  further  oxidation,  into  formic  acid. 

Methylene  Thiocyanate,  CH2(SCN)2,  is  formed  by  heating 
alcoholic  solutions  of  methylene  iodide  and  potassium  thiocyanate. 
It  crystallizes  in  fine  prisms  melting  at  102^  and  scarcely  soluble 
in  cold,  though  tolerably  soluble  in  boiling  water,  and  im- 
parting to  steam  a  pungent  smell,  the  vapours  acting  violently 
on  the  mucous  membrana  Nitric  acid  oxidizes  it  to  methylene 
disulphonic  acid  (see  part  i.  p.  264). 

Methylene  Acetate,  CH2(OC2H30)2,  is  formed  by  heating 
methylene  iodide  with  silver  acetate.  It  is  an  oily  liquid 
boiling  about  170**,  and  having  a  strong  aromatic  pungent  taste 
and  smell.  When  heated  with  water  to  100**  it  is  converted  into 
acetic  acid  and  paraformaldehyde.^ 

(  OCH 

Methylene   Aceto-methyl-Oxide,  CH^  <  ^p  tt  q.      Monochlor- 

inated  methyl  oxide  may  be  regarded  as  the  methyl  ether  of  the 
unknown  methylene  chlorhydria  It  is  easily  decomposed  by 
potassium  acetate  as  follows : 

CH,  {  gp^»  +  KO.CAO  =  CH,  {  oQ^p  +  KCl. 

The  acetate  thus  obtained  is  a  liquid  boiling  at  117° — 118°.^ 

f  CI 
MethyleneAcetocJiloridCfOT Methylene  ChloracetmfCJi^-^  ^vp  ^t  (^ 

is  the  first  product  of  the  action  of  chlorine  on  methyl  acetate. 
It  is  a  mobile  liquid  possessing  a  suffocating  pungent  smell,  and 
a  burning  taste.  It  boils  at  115° — 11G°,  and  at  14°  has  a  specific 
gravity  of  1*1953,  and  is  converted  on  heating  with  sodium 
acetate  into  methylene  acetate.^ 

*  Butlerow,  Ann.  Clicm.  Pharm,  cvii.  Ill ;  cxL  245. 

*  Friedcl,  Compt.  Rend.  Ixxxiv.  247. 

■  Henry,  Bcr,  Deutsch,  CJiem.  Gcs,  vi.  739. 
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464  Hexmtth/knamiru,  (CH^^^^p  was  prepared  by  Butlerow' 
Lj  acting  with  dry  ammonia  on  paraformalJehyde.  It  is  also 
formed  in  an  analoguus  way  from  monochlor methyl  oxide  and 
other  methylene  compounds.  It  is  easily  soluble  in  water,  and 
with  difficulty  in  cold  alcohol,  crystallizing  from  hot  saturated 
solution  in  glistening  rhombohedrons  or  short  prisma  which 
begin  to  sublime  at  lOO'*,  evolving  an  unpleasant  smell  like 
mice  and  salt-fish.  Hexmethylenamine  haa  an  alkaline  re- 
action and  is  a  monacid  amine.  Its  salts  crystallize  in  long 
needles  and  yield  the  compound  (C^Hj2N^,ClH)^PtCI^  with 
platinum  chlonde,  which  is  almost  insoluble  in  water  Hex- 
methylenamine is  formed  by  the  replacement  in  two  molecules 
of  pantform  aldehyde  or  trioxymethylene  of  six  atoms  of  oxygen 
by  four  atoms  of  nitrogen*  It  has,  tbereforCi  probably  the 
following  constitution  ; 


Cn,    CHj    CHj 

N 

/\ 

CH,      CH, 

N  N 

\    / 

CIL 


By  tbe  action  of  etliylamine  on  methylene  oxide  a  base  is 
formed  having  the  composition  N./CHj/CgHg^j  or  N^(CHjj)^ 
(C*^!^!^)^*  It  is  an  oily  liquid  whose  salts  do  not  t  rystallize,  and 
even  tlie  platinichlorlde  which  has  the  composition  SNglCHj)^ 
(a^Hg)2HCi-hPtCl^,  is  unciystallizable. 

If  methyleoe  iodide  be  heated  with  triethylaraine  to  100**  an 
iodidi\  N  (C^H^l^^f CIIsjl)!,  is  formed,  crystallizing  in  Hue  tetragonal 
tables.  That  the  compound  has  the  above  constitution  is  proved 
by  the  fact  that  silver  acetate  only  removes  one  half  of  the  iodine. 
When  its  eolution  is  treated  with  silver  chloride,  and  platinic 
chloride  added  to  the  evaporated  liipiid,  the  tolerably  soluble 
salt  2N(aH5)3^;CHJjCI  +  PtCl,  is  formed,  crystallizing  in 
splendid  octohedrons.     The  free  base  is  not  known.^ 


^  Jnn.  Chem,  Pharm.  cit.  322  ;  Hofinann,  Ser, 
'  Julie  LeriJioiitoir^  £(i\  Detttscli.  Chan.  Gu,  vu. 
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ETHYLENE,  C,H,. 

465  Becher  appears  to  have  been  the  first  to  observe  that  a 
combustible  vapour  is  given  off  by  the  action  of  sulphuric  acid 
upon  alcohol.  In  his  Fhysica  svJbterranea  he  says :  *'£viden8  de- 
manstratio  ignis  est  in  spiritu  vini  et  oleo  vitrioli,  tUroqite  probe 
rectificaio.  Quam  primum  enim  confundurUur,  ignem  condpiunt, 
qui  vase  obstructo  extinguitur,  aperto  rursus  incenditur." 

These  remarks  can  only  apply  to  a  combustible  gas,  or  to  the 
vapour  of  ether ;  and,  although  he  does  not  mention  it,  there  can 
be  little  doubt  that  there  was  a  flame  in  the  neighbourhood. 

The  next  information  we  possess  concerning  a  combustible 
gas  produced  in  this  way,  is  given  by  Ingenhouss,^  who  states 
that  be  saw  such  a  gas  evolved  in  the  house  of  a  certain  Ende 
in  Amsterdam.  It  was  then  considered  to  be  identical  with  the 
so-called  inflammable  air,  and  was  thought  to  be  a  good  kind  of 
this  air,  because  when  burnt  with  ordinary  air  it  exploded  so 
violently.  This  view  was  held  by  Deimann  and  Pacts  van 
Troostwyk  in  1781,  who  together  with  Bondt  and  Lauwerenburgh 
examined  the  properties  of  this  gas  more  thoroughly  in  1795. 
They  showed  that  it  consists  only  of  carbon  and  hydrogen  and 
approximately  determined  its  specific  gravity.*  They  found  that 
it  unites  with  chlorine,  yielding  an  oily  compound,  and  they 
named  it  gas  huUeux,  a  designation  which  was  afterwards  changed 
by  Four9roy  to  defiant  gas. 

That  this  body  is  a  substance  differing  from  marsh  gas,  was 
first  shown  by  W.  Henry  of  Manchester,  and  his  view  was 
soon  supported  by  the  investigations  of  Dalton,  Humphry 
Davy,  Berzelius,  and  others. 

*  Priestley,  Observations  and  Experiments  Relaiing  to  Various  Branches  of 
Natural  Pkihsopky,  I  1779. 

*  CreU.  Ann.  1795,  2,  195,  310  and  430. 
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As  tbese  two  were  the  only  hydrocarbons  known  at  that  time 
they  were  tILstinguished  as  lifjht  and  kcav]/  carhircttcd  hydrogcn^i 
whilst  Berzehus  gave  to  th«^  latter  the  naroe  of  Elayl^  as  it  play 
the  part  cf  a  compound  radical. 

It  has  already  been  stated  in  the  introduction  to  the  orgal 
portion  of  tliis  treatise  that  fur  some  time  a  belief  prevailed  thatf 
the  laws  of  combination  in  constant  and  multiple  proportion  do 
not  hold  good  in  the  case  of  organic  compounds,  and  hence  it 
appcai-s  remarkable  that  it  was  by  the  iuvestis^^ation  of  the  com- 
position of  two  organic  bodies,  namely  marsh  gas  and  olefiantM 
gas,  that  Dalton  was  led  to  the  establishment  of  these  very 
laws,  and  thence  to  his  atomic  theory. 

The  four  Butch  chemists  above  named  prepared  ethylene  by 
heating  strong  alcohol  with  three  to  four  parts  of  sulphuric  acid. 
In  this  case,  a  tolerably  pure  ^'as  is  evolved  to  be^nn  with,  mixed, 
however^  with  the  vapour  of  alcohol  and  ether,  which  impurities 
can  be  removed  by  passing  the  gas  through  concentrated 
sulphuric  acid.^  It  may  also  contain  carbon  dioxide  mixed  with 
it,  and  this  may  be  easily  removed  by  caustic  potash.  At  a 
later  periotl  of  the  decomposition  sulphur  dioxide  and  carbon 
monoxide,-  and  probably  also  marsh  gas,^  are  given  off,  the  black 
mass  frothing  strongly  and  passing  nut  of  the  flask.  In  order  tofl 
prevent  this,  at  Wolder's  *  suggestion,  sand  is  added  to  the  liquid 
until  a  tldck  pasty  mass  is  obtained,  but  this  leaves  a  hard  residue 
w^hich  cannot  be  removed  from  tlie  vessel  without  breaking  iufl 
To  avoid  this,  and  to  obtain  a  pure  gas,  many  other  suggestions  ' 
have  been  made.  Thus  some  time  ago  Magnus  ^  suggested  that 
one  part  of  spirit  of  wine  and  sixteen  parts  of  sulphuric  acid 
should  be  heated,  and  as  soon  as  the  mass  becomes  black  a 
further  addition  of  alcohol  should  gradually  be  made.  According 
to  Mitsclicrlich  ^  a  mixture  of  three  parts  of  water  and  ten  parts 
of  sulpliuric  acid  is  heated  to  its  boiling  point,  which  lies  about 
IGO**^ — 1(35"*,  and  the  vapour  of  eighty  per  cent,  alcohol  led  in  at 
this  temperature.  The  gas,  which  is  then  quietly  evolved,  only 
contains  as  impurities  the  vapc>urs  of  water,  alcohol,  and  ether. 

The  method  now  generally  adopted  is  that  suggested  by  Er- 
lenmeyer  and  Bunte,'  or  rather  the  improved  process  suggested 
afterwards  by  Erlenmeyer.*     A  mixture  of  25  grams  of  alcohol 


*  Liebig,  Ann,  Fharm,  xiv^,  150, 

'  Vogel,  Journ,  }*rakt.  Cktm,  xxv 

*  Faraday,  Bibl  Unir,  lix,  114, 

*  Pof/g,  Ann,  xlvii.  524, 

'  Atifk,  Chem,  Fkann.  dxTiii  64. 


300, 


*  Ann,  Chtfn,  Phdrm.  xei,  127. 

*  Ann.  Chint,  Phiji,  [3],  vli  12, 

*  lb,  cxcii  244. 
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aud  150  grams  of  sulphuric  acid  is  brought  into  a  fliisk  (Fig*  99) 
of  two  to  three  liters  capacity,  and  this  heated  until  a  rapid 
evolution  of  gas  occurs,  aud  at  this  point  a  mixture  of  one  part 
of  alcohol  and  two  parts  of  sulphuric  acid  is  allowed  to  dr«»p 
in,  the  gas  which  is  evolved  being  washed  through  sulphuric  acid 
aud  then  through  caustic  so^la, 

Gladstone  and  Tribe  found  that  when  their  copper-zinc  couple 
is  brought  in  contfict  with  ethylene  bromide  and  water,  pure 
ethylene  is  given  off,  and  in  presence  of  alcohol  this  reaction  is 
brought  about  by  zinc  alone.^     This  hist  reaction  may  be  used 


Fig-  09, 


for  lecture  purposes  fo;*  the  quick  preparation  of  small  quantities 
of  ethylene,  but  the  decompo.sition  must  be  assisted  by  heat.' 

It  haa  already  been  stated  that  ethylene  is  formed,  together 
mih  its  homologues,  in  the  dry  distillation  of  many  organic 
bodies,  and  coal  gas  contains  on  an  average  from  four  to  five 
jier  cent 

The  formation  of  ethylene,  according  to  a  method  pointed  out 
by  Tollens.  viz.  that  of  heating  etliidene  chloride,  CH^CHCl^, 


1810. 


30 


THE  ETHYLENE  COilPOUXDa 


with  sodium,  is  of  interest  And  its  production  from  acetylene, 
C^Hg,  a  body  which  cau  itself  be  obtained  by  direct  union  of 
its  elements,  ia  of  importance  as  being  the  first  step  in  the 
Bjn thesis  of  alcohol  Acetylene  combines  with  na^scent  hydro- 
gen to  form  ethylene,  and  this  latter  is  also  formed  when 
di-iodmethane  is  treated  with  water  aud  cc^pper,  or  methyl 
chloride  passed  throuf^di  a  red-hot  tube.  ■ 

466  Pru2^cj'^ks.  Ethylene  is  a  colourless  gas,  possessing  a  faint  ■ 
but  peculiar  and  rather  fiuflEbcating  odour  and  having  a  specific 
gravity  of  1)^9709  (Th.  Thomson).  It  may  be  condensed  to  a  liquid 
either  by  means  of  pressure  or  by  cooling  it  down  to  — 11 0"*  in 
a  mixture  of  ether  and  solid  carbon  dioxide.  Faraday  deter- 
mined the  tension  of  this  liquid,  but  did  not  always  obtain 
constant  results  inasmuch  as  his  different  preparations  of 
ethylene  were  not  perfectly  free  from  marsh  gaa.^  Its  solubility 
in  water  is  represented  by  the  following :  * 


c  =  0'25G92  «  OO0913631t  +  000018810St« 


1 


Alcohol,   of   specific    gravity   0*792  at   20"*,   dissolves  it  as 
follows : 

c  =  3-50498  "  0  057716fc  +  0  000GS12t-. 

Ethylene  is  easily  inflammable,  burning  with  a  very  luminous 
flame.     With  air  or  oxygen  it  forms  an  explosive  mixture,  the 
action  being,  of  course,  most  powerful  when  three  volumes  of 
oxygen  are  present  to  one  volume  of  the  gas.     If  ethylene  be 
brought  in  contact  with  strongly  ozonized  oxygen,  a  spontaneous 
detonation  takes  place.     In  order  to  exhibit  this  fajct  safely,  a 
current  of  the  hydrocarbon   is  led   through  a  tube  IQmm.  in 
diameter  whilst  ozonized  air  ia  allowed  to  pass  through  a  narrow 
tube  wldcli  passes  to  the  depth  of  1  cm.  inside  the  wide  one.  M 
Each  bubble  produces  an  explosion  which  is  usually  accompanied  ■ 
by  the  formation  of  a  white  vapour.*     Fuming  nitric  acid  easily 
oxidizes  ethylene  to  oxalic  acid.    Chromic  acid  sulution  converts  M 
it  at  once  into  aldehyde,*  the  ethylene  first  combining  with  water  * 
to  form  ethyl  alcohol,  and  this  undergoing  oxidation.    The  process 
may  be  carried  on  further,  acetic  acid,  and  oxalic  acid,  together 
with  carbon  dioxide  and  formic  acid,  being  produced:^     Concen-  _ 


'  Lqc,  eU.  '  BoTiflctB,  GasmnHryt  150,  152. 

*  Hoozcau  and  Roiiard,  Compt*  Bind.  Ixivi,  572. 

*  liorthelot,  Compl,  Rend,  Jxviii.  334  ;  Amu  Cticm,  T7iamx.  cl.  S! 

*  0.  aud  F.  Zeidier,  Ann,  Chim,  Fkarm.  cxcviL  240. 
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tmted  sulphuric  acid  absorbs  ethylene  with  formation  of  ethyl 
sulphuric  acid  (Faraday,  Hennel ;  see  part  i,  p.  296),  cctmbination 
taking  place  quickly  if  the  two  bodies  be  shaken  together,  and 
still  more  easily  if  the  ethylene  is  passed  into  sulphuric  acid 
heated  to  160°— 1701^ 

Ethylene  combines  with  chlorsulphonic  acid  to  form  ethyl 
cldorosulphate  If  it  be  heuted  for  some  time  with  hydricnlic 
hydrobroinic  acid  to  100**,  the  corresponding  ethyl-lialoid 
Wjer  is  formed,  but  no  combination  takes  place  under  these 
circumstances  with  hydrochloric  acid,^ 

Ethylene  also  combines  with  hydrogen,  in  tho  presence  of 
platinum  black,  to  form  ethane,^ 

467  Ethylene  Boron  FluorUi\  C^H^BF3,  is  formed  when  a  mix- 
ture of  ethylene  and  boron  fluoride,  warme^l  to  a  temperature  of 
25"^ — 30^  is  exp<:*sed  to  sunHtrht  It  is  a  fuming  liquid  which 
boil*  at  124" — 125*,  and  at  23"  has  a  specific  gmvity  of  10478, 
It  bums  with  a  fine  green  flame  and  decomposes  on  contact  with 
water  into  boric  acid  and  a  valatilij  pleasantly  smelling  liquid, 
boiling  between  10°  and  15*,  and  burning  with  a  bright  green 
flame.     This  is  probably  ethyl  fluoride.* 

The  existence  of  ethylene  b(jrun  fluoride  is  a  further  proof 
that  in  certain  compounds  boron  can  act  as  a  pentad  element 
(ptrt  i.  p.  448). 

Eihylene  Ferrous  Chloride,  C^J?q^Q\^^2^^0,  is  formed  when  an 

bereal  solution  of  ferric  chloride  is  heated  for  some  hours  to 
140'' — 150\  and  the  compound  is  more  easily  obtained  if,  at  the 
same  time,  a  solution  of  phosphorus  in  bisulphide  of  carbon  is 
added.  It  forms  flat  colourless  scales  or  prisms  which  are  easily 
soluble  in  water.^ 

The  corresponding  bromide,  C2H^FeBr2+2H._jO,  is  protluced  by 
passing  ethylene  in  the  sunliglit  into  a  concentratetl  aqueous 
solution  of  ferrous  bromide,  when  pale  green  very  deliquescent 
crystals  are  deposited.* 

Ethijlme  PUUinous  Chlvritlr,  C^H^PtCl.^,  was  discovered  by 
Zeise  ^  in  1831,  and  termed  inflamnuibh:^  chloride  of  phttinum. 
It  is  obtained   by  boiling  sileohol  with  platinic  chloride    and 


*  Bertlielot,  jinjt.  Chim.  Fhy*,  [8].  xUil  3S5, 

*  Bcrtiii?lot,  Compt.  ReiuL  xliv,  1850  ;  L  612 ;  Ann. 

CIV.  111. 

»  Wilde,  J?er,  Deutsch.  Chem,  Ots,  v\u  354. 

*  lAiitlolph,  Bcr.  DmVKh,  Chan,  Oat,  xl'u  1586, 

*  Kjiphler.  Ber   Zteutsch.  Ckevt,  Ots.  u,  510. 

*  *'Hojna^ki,  ZntMh,  Chcm,  imo,  420. 

^  Zei*.  Po^.  Ann,  ixi.  4^7,  M2  ;  x?.  234. 
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evaporating  in  a  vacuum.     Its  formation,  leaving  out  the  by- 
products,  is  shown  in  the  following  equation  (Birnbaum)  : 


PtCl,  4-  2C,HeO  -  CJ-I.Pt  CI,  H-  C,H,0  -h  H^O  +  2HC1 

It  is  also  formed  when  ethylepe  is  passed  through  a  hydro- 
chloric acid  solution  of  platinous  chloride.^ 

It  is  a  liglit  lemon  yellow  powder  difficultly  soluble  in  water,  and 
when  heated  it  burna  rapidly.  When  wanned  with  an  excess  of 
caustic  pcita^sh  it  is  converted  into  a  black  powder  which  when 
dry  explodes  on  heating.  From  its  solution  and  that  of  its  double 
salts,  ammouia  precipitates  a  bright  yellow  unstable  compound j 
consisting  of  C^H^PtCU,  NH^,  which  niiitea  with  hydrochloric 
acid  to  fyrm  cthi^l  platinoiis  ammonium  chhride  or  ddo9iaiing 
chloriik  of  platinum,  CjII^PtCl^,  NH^Cli-HoO,  a  body  crystalliz- 
ing from  water  in  lemon-yellow  oblique  rhombic  prisma  and 
obtained  easily  by  the  direct  combination  of  sah ammoniac  with 
ethylene  plabinous  chloride.  This  substance  serves  for  the  pre- 
paration of  ethylene  platinous  chloride  in  the  pure  state.  For 
this  purpose  a  concentrated  S(.^lution  of  phitinic  chloride  is  added 
to  a  concentrated  solution  of  ethylene  platinous  ammonium 
chloride  so  long  aa  a  precipitate  of  ammonium  platinichloride  is 
formed,  and  the  filtrate  evaporated  in  a  vacuum  over  sulphuric 
acid. 

Eihtjkyu  Baiinmis  Potmsium  Chloride,  CaH^PtCUKCl  +  H^O. 
This  resembles  the  ammonium  salt,  and  decomposes  at  about 
200°,  with  evolution  of  ethylene. 

The  references  at  the  foot  may  be  consulted  for  further  infor-^ 
mation  respecting  these  platinum  ethylene  compounds.* 
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ETHYLENE  ALCOHOL,  OR  ETHYLENE  GLYCOL, 

C,H,(OH),. 

468  This  alcohol  ia  the  first  member  of  the  group  of  alco- 
liols  containing  dyad  radicals.  It  was  discovered  by  Wurtz  in 
1856  (see  p.  H),  lie  obtained  it  by  treating  ethylene  di-iodido 
with  silver  acetate,  and  decomposing  the  ethylene  diacetate  thus 
obtained  with  caustic  potash  *    He  afterwards  employed  ethylene 

*  BimWqni,  Ann.  Chtm,  Pharm.  cxlv.  67. 

'  Mnrtinj  mu\  HriesA,  JntK  Chcm.  Pharm.  cxx.  82fl  ;  Chojnttcki,  7oc  HL  \ 
Schutzcnbergt'rnrid  Fontaine,  Bull,  .W.  Chim.  xviil  ]03;  Sadtler,  ib,  xviL  54. 

•  Cimpt,  Ilend,  xliii  199  ;  Ann.  Ckem.  Pharm.  c  110. 
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dibromide,  a  body  more  readily  obtained,  and  he  decorapoaed  the 
acetic  ether  with  caustic  baryta,^ 

Atkinson  tlien  found  that  when  potassium  acetate  is  heated  in 
dcised  vessels  to  100"*  with  ethylene  bromide  and  alcohol  until  no 
fiulhor  potassium  bromide  separates  out,  the  mono-acetate  is 
obtained  accord iug  to  the  following  equation :  - 


3,H,{ 


Br 
Br 


a  C2H3O  1   ^ 


0 


+      2KBr. 


This  decomposition  also  occurs  when  the  mixture  is  heated  in  a 
flask  with  a  reversed  condenser.^ 

The  mono-acetate  is  afterwards  converted  into  glycol  either 
by  treatment  with  caustic  baryta,  or  by  heating  with  water  in 
closed  tubes.* 

According  to  Erlenmeyer  a  mixture  of  COO  grams  of  ethylene 
dibromide,  700  grams  of  fused  potassium  acetate  and  l.'00--lyQO 
of  alcohol  of  specitic  gravity  0  8S,  is  bi)iled  in  connection  with  a 
reversed  condenser  until  the  liquid  does  not  precipitate  ethylene 
dibromide  on  the  addition  of  water.  The  well-cooled  liquid  is 
then  placed  on  a  vacuum-filter  to  remove  the  potassium  bromide, 
and  the  filtrate  submitted  to  distillation.  The  portion  passing 
over  above  140*  is  treated  with  an  excess  of  caustic  baryta  dissolved 
in  the  necessary  quantity  of  water,  and  then  heated  for  twelve 
hours  on  the  water4:ath.  The  free  baryta  is  next  precipitated 
by  carbon  dioxide,  and  the  filtrate  evaporated  on  a  water-bath  to 
one-third.  The  residue  is  then  treated  with  a  mixture  of  equal 
ports  of  strong  alcohol  and  ether,  and  the  liquid  pnured  off  from 
the  saline  mass  which  is  deposited,  the  residue  being  thrown  on 
to  the  filter  and  washed  with  alcohol  and  ether.  The  solutions, 
which  are  now  mixed  together,  are  distilled  on  a  water- bath  so 
as  to  separate  alcohol  and  ether,  and  the  residual  liquid  subjected 
to  fractional  distillation.  The  portion  coming  over  below  180°  is 
afterwards  concentrated  on  the  water-bath,  and  the  residue. 
united  with  the  higher  portions,  yields  pure  glycol  on  further 
distillation.^  If  strong  alcohol  be  used,  and  only  hr^lf  the  theo- 
re-tical  quantity  of  potassium  acetate,  no  monacetale  is  formedi 

»  Ann,  Chitn.  Phys.  [3],  If.  400, 

'  PhiU  Mn^,  [4].  xvi.  433  ;  Ann.  Cktm.  Pharm.  cix.  232. 

•  M.  Sitnpwm,  Proc.  Eoff,  Soe,  ix*  7tJ5. 

•  Dclrui,  Ann.  0ytm.  Pharvu  ex,  81«J. 

•  Efkumeycr,  Ann,  Chem*  Pharm,  cxciU  244. 
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according  to  Demole,  but  glycol  itself,  and  this  may  then  be 
separated  from  the  imattacked  etliylene  bromide  by  distilla- 
tioD.'  This  mode  of  pre  para  tioo  has  •^iven  discrepant  results 
in  the  hands  of  different  experiuienters,*  and  the  condi- 
tions under  which  the  largest  yield  is  obtained  have  not  beeii^ 
determined.^  V 

According  to  Hiifner  and  Zeller/  glycol  is  obtaine<l  readily  by 
boiling  138  grama  of  pure  potassium  carbonate  \\nth  188  grams 
of  ethylene  bromide  dissolved  in  one  liter  of  water,  with  a 
reversed  condenser,  when  the  following  reaction  takes  place  : 

C,H,Br.  +  H,0+CO(OK),  -  C,H,(OH),  +  2KBr  +  CO,. 

The  solution  is  then  concentrated  on  a  water-bath,  and  after 
cooling  ponred  off  from  the  deposited  potassium  bromide,  the 
crystals  being  brought  on  to  a  filter  pump  and  washed  with 
absolute  alcoliol.  From  tlie  united  solutions  the  ethylene  alcohol 
is  separated  by  fmctional  distillation.  In  tlus  preparation  a 
certaiu  loss  takes  place  from  the  formation  of  monobromethylene, 
CiH-^Br,  and  here,  too,  the  conditions  of  best  yield  have  as  yet 
not  been  exactly  worked  out.* 

Ethylene  bromide  may  also  be  converted  into  glycol  by  heatmg 
it  to  170'  in  contact  with  water  and  oxirle  of  lead.**  The  leail 
oxide  may  be  omitted  if  sufficient  water  be  acUled  to  prevent  the 
formation  of  concentrated  hjLlrobromic  acid,  jiud  this  reaction 
takes  place,  though  slowly,  at  I4f(f — 150^^ 

Ethylene  alcohol  is  also  formed  when  a  solution  of  hydrogen 
dioxide  is  allowed  to  remain  for  some  time  in  contact  with 
ethylene.^ 

469  Propniics,  Glycol  is  a  colourless  li<|uid  hn\n'ng  the  con- 
sistency of  a  thin  symp,  and  possessing  no  smell  but  having  a 
sweet  taste.  It  boils  at  1D7^-107°'5,  and  at  0^  has  a  specific 
gravity  of  1 '125,  that  of  its  vapour  being  according  to  Wurtz 
2104  at  202**.  Ethylene  glycol  is  miscible  with  water  and  alco- 
hol in  aO  proportions,  but  is  not  soluble  in  ether.      It  dissolves 

*  Demok,  Attn,  Chfm,  Pkarm,  clxiiH.  11 T  ;  clxxvii.  45. 
'  Zcllrr^  Journ,  Fraki,  Chcm,  [2]^  i.  286  ;  BornAtoiu,  Ber.  Detttseh.  Chem,  Gr3. 

ix,  4H0  tttid  1U7. 

'  EilcninfyiT,  loe.  c\t, 

4  Journ.  J'ndt.  Cfirm.  [2],  X.  270  ;  xi.  220, 

*  Liftzeuuiaycr.  Ann.  Vhcm.  Phann,  c\xxx,  2^2  i  Stempnewsky,  ib,  cxcii.  240; 
Er]prm»«'ytT,  toe  cU, 

^  NieiU'rist,  Ann    Vhem,  Pharm,  clxxxvL  39d« 

*  Carius,  Ann*  Chan,  Pharm.  cxjtvi.  1^5, 
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Tarious  salts  in  small  quantities,  especially  chlorides,  and  also 
potassium  carbonate,  caustic  potash,  and  lime. 

Oxidizing  agents  convert  it  into  glycollic  acid,  CH2(0H).C0oH; 
glyoxylic  acid,  CH(0H)2.C0^H ;  and  oxalic  acid,  CO^H.CO^H. 

When  glycol  is  heated  with  zinc  chloride,  acetaldehyde  and 
crotonaldehyde,  C^H^O,  are  formed  together  with  other  products ; 
acetaldehyde  is  also  formed  when  ethylene  glycol  is  heated  with 
water  to  220*^-230°.^ 

Sodium  Mono-ethylcTiate,  C2H^(0H)0Na,  is  a  white  crystal- 
line body  obtained  by  the  action  of  sodium  on  glycol.  When 
heated  with  sodium  in  an  oil-bath  to  190*",  disodium  eihylenate, 
GsH/ONa)^,  is  formed. 

Ethylene  Ethyl  Ether,  C2H^(OH)DC2H^,  is  formed  by  treating 
the  mono-sodium  compound  with  ethyl  iodide.  It  has  however 
not  been  obtained  in  the  pure  state,  as  some  disodium  ethylenate 
is  at  first  formed.  It  is  a  very  pleasantly  smelling  liquid  boiling 
at  127^ 

Ethylene  Diethyl  Ether,  C^H^COC^HJg*  ^^  readily  obtained 
when  the  foregoing  compound  is  treated  with  one-fourth  its 
weight  of  potassium,  and  the  cold  mass  warmed  with  ethyl 
iodide.  The  whole  is  then  distilled,  and  again  rectified  over 
potassium.  This  compound  is  a  pleasantly  ethereal-smelling 
liquid  boiling  at  123''-5,  and  having  a  specific  gravity  at  0"* 
of  07993.« 


ETHYLENE  OXIDE,  C^H.O. 

470  This  interesting  compound  was  also  discovered  by  Wurtz.' 
It  is  formed  directly  from  glycol  by  the  withdrawal  of  the 
elements  of  water.  In  order  to  prepare  it  concentrated  caustic 
potash  must  j)e  gradually  added  to  ethylene  chlorhydrin,  when 
a  violent  reaction  at  once  occurs,  but  after  a  time  the  reaction 
mast  be  aided  by  heat : 


CH,C1  CH,v 

+    KOH    =      I        0    +    KCl    +    H,0. 
H,OH  CH/ 


h 


•  Nevoid,  Compt,  lUnd.  Ixxxiii.  228. 

•  Wurtz,  Ann.  Chim,  Phys.  [3],  Iv.  400  ;  Ann.  Chem.  Pharm.  cviii.  84. 

•  CcmpUs  RendtiSj  xlviii.  101;  Ann,  CJiem,  Pftarm.  ex.  125. 
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Ethylene  oxide  is  evolved  as  a  gas,  which  is  first  pas 
through  a  tube  filled  with  chloride  of  calcium,  and  then  into  a1 
well-cooled  receiver,  where  it  coiidensea.  In  order  to  prepare  J 
it  perfectly  pure  it  must  be  allowed  to  stand  over  calciumi 
chloride  and  afterwards  he  rectified. 

Ethylene  oxide  is  a  pleasantly  smelling  ethereal  liquid  boiling 
at  13**5,  and  at  0"^  having  a  sp<3cific  gravity  of  0  8945,  wbikt 
that  of  the  vapour  is  1*422.  It  mixes  with  water,  alcohol  and 
ether,  in  every  proportion.  When  sodium  amalgam  is  added  to 
its  aqueous  solution  it  is  reduced  to  ethyl  alcohol^  Although 
it  possesses  a  neutral  reaction  it  acts  as  a  very  strong 
base,  and  hence  forms  **a  link  between  organic  and  mineral 
chemistry/**  Thus  for  example,  it  unites  so  easUy  with  hydro- 
chloric acid  to  form  ethylene  chlorhydrate  that  when  equal 
volumes  of  the  gases  axe  briiuglit  together  over  mercury,  the 
combination  takes  place  as  quickly  as  between  hydrochloric  acid 
and  ammonia.  It  unites  with  acetic  acid  directly,  forming,.] 
according  to  the  quantity  added,  either  monacetate  or  diacetate.' 
Brought  in  contact  with  magnesium  chloride,  it  yields  a  preci- 
pitate of  magnesia  which  forms  slowly  in  the  cold  but  quickly 
wiien  warmed ; 


2C,nS>  +  2H,0  +  MgCl,  =  2C',H,  |  g'^^  +  Mg(OH)^ 


( 


copper,    iron, 


It   acts    in   a   similar    way    w^ith    the    salts   of 
aluminium,  &c,^ 

471  Diethykne  Dioxide,  (C^HJ^O^.  If  ethylene  oxide  be 
brought  in  cnntact  with  w^ell-cooled  broniiue,  and  if  the  mixture 
be  allowed  to  remain  in  a  freezing  mixture  for  a  day,  orange- 
yellow  or  ruby-red  prisms  separate  out,  possessing  the  composi- 
tion (C,>H^O)  3rjj.  These  melt  at  65",  and  are  again  formed  on 
cooling.  The  constitution  of  this  singular  compound  baa  not 
as  yet  been  satisfoctorily  ascertained.  It  contains  bromine  only 
loosely  combined,  as  it  gradually  parts  with  this  element  in  the 
cold  in  contact  with  mercury,  when,  instead  of  ethylene  oxide 
being  formed,  the  bimolecular  compound  is  set  free.  This  is  a 
pleasant  but  faiutly-smulling  liquid,  boiling  at  102^  and  having  a 
specific  gravity  at  if  of  1*0482,  wliilst  that  of  its  vapour  is  S'lO. 
On  cooling,  it  solidifies  to  a  crystalline  mass,  melting  at  if,^ 

^  Wnrti,  CompUs  Jlendus,  liv.  277 ;  Ami,  Chem.  Fharm,  cxxii  354. 

*  Wurtz,  JouriK  VhiuK  A'oc,  xv,  387. 
'  OmpUH  Ikndu^,  1.  \195  ;  Ann.  Cftem,  Pharm,  cxri.  249. 

*  Comities RtnduSf  Jiv.  277  ;  Ann,  Chcrn,  Pharnu  cxxii.  354. 
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Diethylene  dioxide  has  doubtless  the  following  constitution  : 

Para-ethylene  Oxide,  Ethylene  oxide  on  standing  for  some 
time  is  converted  into  a  polymeric  modification,  which  is  a 
white  crystalline  mass,  melting  at  56V 


POLYETHYLENE  ALCOHOLS. 

47a  If  ethylene  oxide  be  heated  with  water  to  100**  these  sub- 
stances combine  to  form  ethylene  glycol,  and  this,  in  its  turn, 
combines  with  the  free  ethylene  oxide  to  form  polyethylene 
alcohols.  These  bodies  are  also  obtained  by  heating  glycol  with 
ethylene  oxide  *  or  ethylene  bromide.* 

The  following  are  known  : 

B.P. 
Diethylene  alcohol,       0\c^h**OH      ^^^"^ 


Q/0,H,.OH 

Triethylene  alcohol,  /CjH^  290** 

^  ,C,H,OH 
Tetrethylene  alcohol,     0<^^^*  ^30^  "25  mm.^'"'''''"  "^ 

Pentethylene  alcohol,    ^/CgH^  281** 

\C2H,.0H 

*  Compt.  Rend.  Ixrxiij.  1141. 

'  Wurtz,  Compt.  Jiend.  xlix.  813  ;  L  1195  ;  Ann.  Chcm.  Pharm.  cxiii.  255  ; 
cxri.  249. 

•  Louren^,  Ann,  Chenu  Fhai-m.  cxvii.  269  ;  Ann,  Chim.  Phys.  [3],  IxviL  288. 
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Hexetliyleno  alcohol, 


C,H,OH 


323°  under  a  pressure  of  j 
25  mm. 


These  are  all  thkk,  viscid  liquids,  soluble  in  water.  Thoir  pro- 
duction from  etbylene  oxitle  and  glycol  is  readily  understood, 
and  tiieir  formation  from  ethylene  bromide  and  glycol  is  repre- 
sented by  tbe  following  equations : 

^^''  +  C  H  ^^^  -  "C  H  /^' 


C,H, 


^^«\0H 


C  H  /^^ 


+  HBn 


Polyethylene  alcohols  are  also  formed  when  glycol  is  heated  with 
ethylene  chlorliydrhi,  this  reaction  taking  place  at  about  120**- 
Wbcn  heated  more  strongly,  the  clilorhydrins  or  bromhydrins  of 
the  polyethylene  alcohols  are  formed.  Tlie  ethers  of  these  same 
alcohols  are  produced  by  heating  ethylene  oxide  i^ith  the  acids  ] 
or  anhydrides. 

ETHEREAL  SALTS  OF  ETHYLENE. 

473  The  nuniber  of  these  is  very  large,  as  not  only  one  or  both 
of  the  bydroxyls  in  glycol  can  be  replaced,  bat  two  different 
radicals  may  be  introduced. 

Ethykm  adorht/dnn,  or  Chlorh/drak,  C^H^Cl(OII).  This 
compound  was  first  obtained  by  Wurtz  by  saturating  ethylene 
alcohol  at  the  ordinary  temperature  with  hydrochloric  acid  gas 
and  tben  heating  the  solution  in  closed  tubes  to  100^  opera- 
tions which  must  be  several  tunes  repeated  in  order  to  convert 
the  glycol  rompletely  into  chlorhydrin.  The  product  is  then 
treated  %vitli  potassium  carbonate  and  purified  by  fractional 
distillation,^  It  is  also  formed  when  glycol  is  warmed  with 
sujpbur  monochloride :  ^ 

2C,H,(0H),  +  2S,Cl2  -  2C2H,C1(0H)  -f  2HC1  +  SO,  +  3S. 


'  Ann,  Chim,  Thi/^.  [3],  Iv.  400;  Ann.aieth,  Phamt,  ex. 
*  Lariui,  Ann,  Chem.  Ph<inH.  txxvi.  ]y5. 
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It  is  likewise  produced  by  the  direct  combinatinu  of  ethylene 
and  hypochlorous  a<:id.^  In  order  to  prepare  it  accordiug  to 
this  reaction,  a  large  balloon  is  filled  with  olefiant  gas,  and 
hypochlorous  acid  obtained  from  6  grams  of  mercuric 
le  added  for  every  1  liter  of  the  gas.  This  is  then  allowed 
for  some  days  and  the  liquid  diluted  with  wat-er,  any 
Ijypochlorous  acid  which  may  bo  present  being  destroyed  by 
the  addition  of  sodium  thiosulphate.  The  liquid  is  then  dis- 
tilled until  the  distillate  ceases  to  have  a  sweet  taste,  saturated 
with  sodium  chloride,  and  the  chlorhydrin  removed  from  the 
liquid  by  shaking  with  ether, - 

Ethylene  chlorhydrin  is  a  cokmrless,  sweet-tasting  liquid, 
boiling  at  128^  its  vai>our  having  a  density  of  2*707.  When 
brought  in  contact  with  water  and  sodiutii  amalgam  it  is  con- 
verted into  ethyl  alcohol,  and  it  yields  chloracetic  acid  on 
oxidation.  Hence  it  may  be  regarded  as  mmwchlor-ethyl" 
aicohoL 

Ethtflent  DuMoride,  CaH^CIj,  This  compound  is  known,  from 
ite  discoverers,  as  Dutch  Hqiml,  It  is  easily  formed  when 
ethylene  and  chlorine  are  brought  together,  but  the  combina- 
tion takes  place  slowly,  inasmuch  as  the  double  linkage  of  the 
c«rbon  htis  first  to  be  replaced  by  single  linkage.  If  one  volume 
of  ethylene  and  two  volumes  uf  chlorine  are  equally  mixed  and 
the  whole  ignited,  a  deep  red  flame  passes  thrnugb  the  mixture, 
livdnx-hloric  acid  is  formed  and  thick  clouds  of  so<jt  are 
deposited  (Deiruan,  &c.). 

At  tlie  time  of  the  discovery  of  Dutch  liquid,  chlorine  was 
considered  t-o  be  oxidized  muriatic  acid,  and  henco  it  was 
assumed  that  in  the  formation  of  the  oil  the  oxygen  united 
with  the  hydrocarbon,  and  the  product  was  looked  upon  as  a 
body  resembling  some  of  the  iatty  oils*  It  wa.s  recognized  by 
Colin  and  Robiquet^  to  be  analogous  to  hydrochloric  ether 
(ethyl  chloride),  and  its  composition  was  afterwards  determined 
by  Liebig,*  Dumas,*  and  Kegnault,'*  who  investigated  the 
compound  more  closely. 

*  C«riiw,  1*6.  cixiv.  257. 

*  Hutlerow,  Ann.  Cfvem,  Pfiarm.  cxliT.  40,  The  lolntion  of  hypocMoroiM 
add  muat  be  prepare^!  from  moist,  fresh iy-prtcipit at ed  imnciiric  oxiiks  in  which 
the  amottut  of  dry  oxide  must  l>e  detemnned.  To  four  grams  of  tho  latter  so 
miich  water  &ud  ice  bi  addt^d  Uiat  15  jmrta  of  the  mixture  contain  otit^  jkart  of  ilry 
oxide.  Thi»  is  then  saturated  in  tho  dark  \*4th  chlorine  ^os,  and  atterward*  half 
■I  much  moist  oxide  added,  and  the  Talxlure  used  directl}r. 

»  Ann.  Chim.  Fhijs.  [2],  i,  337.  *  Ann.  i'karrn,,  i.  213  \  ix.  20. 

*  An%,  Ckim,  P/i^*.  sWm,  185;  Ivi.  U5.       •  Ih.  IviiL  801 ;  IxiJt,  151, 
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Ill  order  to  show  the  formation  of  Dutch  liquid,  the  apparatus 
employed  by  Colin  and  Robiquet  and  since  improved  upon  may 
be  used.  In  the  tubulated  balloon  (Fig.  100)  equal  volumes  of 
dry  ethylene  and  chlorine  are  brought.  The  ethylene  dichloride 
which  is  formed  condenses  on  the  sides  of  the  glass  and  falls 
into  the  flask,  which  is  kept  cool  by  water,  as  heat  is  of  course 
evolved  during  the  reaction. 

In  order  to  obtain  larger  quantities  of  ethylene  dichloride, 
Limpricht's  method  may  be  employed.  For  this  purpose  ethyl- 
ene is  passed  into  a  slightly-warmed  mixture  of  2  parts  of 
manganese  dioxide^  3  parts  of  common  salt,  4  parts  of  water, 
aod  5  parts  of  sulpliuric  acid  until  the  black  colour  of  the  man- 
ganese lias  disappcaredi  and  then  the  chloride  is  distilled  off. 


Cofil-L!;*'^  ]:iay  ulso  be  employed  as  a  source  of  ethylene,  but  in 
this  ccujo  propylene  chloride  and  higher  homologues  are  formed, 
along  with  other  chlorinated  products.  Nearly  pure  ethylene 
dichloride  may,  however,  be  separated  from  this  mixture  by 
fractional  distillatiom^ 

The  latter  compound  ia  also  formed  by  the  action  of  ethylene 
on  antimony  pentachloride,  chromium  oxychloride,  and  cupric 
chloride.  If  the  latter  salt  be  fused  in  an  atmosphere  of  the 
gas,  large  bubbles  are  evolved,  which  ignite  and  bum  with  a 
red  flame  with  formation  of  hydrocliloric  acid  aod  deiwsition 
of  soot.* 


*  Ann,  Cketti,  Pharm,  xciv,  2i5* 


*  Woliler,  Poff0.  Ann.  xiii,  297. 
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Ethylene  dichloride  is  also  obtained  by  treating  glycol  with 
pentathlorido  of  phusphonia  (Wurtz),  or  by  heating  ethylene 
alcohol  with  an  excess  of  faming  hydrochloric  acid  to  100 V  It 
is  also  found  in  large  quantity,  togetlicr  with  ethyl  chloride  and 
other  boilies,  in  the  by-products  in  the  manufacture  of  chloral 
(see  part  I  p.  539).  According  to  Kramer,^  it  is  here  produced, 
together  with  its  isomeride  ethidene  chloride,  by  the  action  of 
chloriQe  on  ethyl  chloride ;  whilst  according  to  Stadel  *  this 
latter  compound  ouly  yields  ethidene  chloride  as  a  further 
substi  tution-product 

Ethylene  dichloride  is  a  thin  oily  liquid,  insoluble  in  water 
and  possessing  a  pleasant  smell  and  sweet  taste.  It  bc»ils  at 
Sa'^-o,  and  at  O"*  has  a  specific  gravity  of  1 '28082/  whilst  that  of 
its  vapour  is  3  44  (Gay-Lussac). 


CHLORINE  SUBSTITUTION-PRODUCTS  OF 
ETHYLENE. 

A  description  of  these  compounds  may  here  follow,  as  ethy- 
lene dichloride  ser\^e3  as  their  point  of  departure. 

Manochl&rcihylcnc  or  Vijiyl  Chloride,  C^H^Ul,  was  discovered 
by  Liebig  and  afterwards  investigated  by  Regnault.*  In 
order  to  prepare  it,  etliylene  dicliluride  is  brought  in  contact 
iritb  alcoholic  potash  and  allowed  to  stand  for  some  days  until 
no  further  chloride  of  potassium  separates  out.  The  mixture 
is  then  warmed  gently  and  the  gas  led  through  a  vessel  cooled 
with  ice,  and  passing,  fur  the  purpose  of  purification,  through 
sulphuric  acid  and  caustic  potash.  Monochlorethylene  is  a  gas 
having  an  ethereal  smell,  and  conilensing  in  a  freezing  mixture 
tu  a  mobile  liqtiid  boiling  between  —18^  and  —13".  It  is  also 
formed  by  the  action  of  alcoholic  potash  on  ethidene  diclilorido, 
CHj^CHCl,,  Exposed  to  sunlight  it  is  converted  into  a  viseous 
amorphous  insoluble  mass. 

If  the  gas  be  passed  into  antimony  pentachloride  it  is 
qii  '  *  lisorbed,  monochlorvihyUnf^  dichhruk,  CHJ^l—CYiCl^, 
Ui  led.     This  same  body  is  also  produced  when  ethylene 


1  Scborlcmmer,  Journ,  Ch9m,  Soc,  1S81»  i, 

*  Jife.  Dndffh,  Chem,  Oca.  ill,  259. 

*  Ann.  Chan.  I*hnrm,  cxcv.  163. 

*  Thorj»«.  Jmrn,  Chan.  St^.  1880,  L  182. 

*  virtti,  Chim,  Fhtjs.  Iriii.  808» 
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dichloride  is  treated  with  chlorine  ia  the  stinlight.     It  is  like- 
wise found  in  the  by-prorlucts  of  the  chloral  manufacture.*     It 
is  a  liquid  smelling  like  ethylene  chloride,  boiling  at  115°  and  ^ 
having  a  specific  gravity  at  0**  of  1 4223.^  H 

Dkhhrefhyhne,    CHg— CCi^,   is    produced   by    the   action  of 
alcoholic  potash  on  the  last-named  compound  (Regnault).     It  ^ 
is  a  mobile  liquid  boiling  at  37''  (Kramer),  and  having  a  specific  ■ 
gravity  at  15""  of  1-250.      Diddorethylene  passes  very  quickly 
into  a  white  amorphous  polymeric  modification,  insoluble  in  the  ^ 
ordinary  solvents.     It  unites  %vith  chlorine  to  form  di4rhlorethyl'U 
cne  dicMoride,  CHgCl— CCl^,  a  body  wliich,  however,  has   not 
been  prepared  pure  in  this  way*     It  is  formed,  together  with 
its  isomeridc  acetylene    tetrachloride,    CHCl^— CHCU  (a  bodyfl 
which  will  be  described  further  on),  by  the  action  of  chlorine  on 
ethylene  dichloride  and  monochlorethylene  dichloride,  and  is  a 
liquid  boiling  at  l2T-5.^  ■ 

Trichhreikykm,  CHC1~CC1^  ia  obtained  by  acting  with 
alcoholic  potash  on  either  of  the  isomeric  chlorides,  Cj^H^CI^,  as 
well  as  by  treating  tetrachlorethylene  or  hexch  lore  thane  with 
zinc  and  dilute  sulphuric  acid.*  It  is  a  liquid,  boiling  at  90*^ 
and  combines  with  chlorine  to  form  tndihrdhykm  dichhridc, 
CHClg- CCljj,  which  is  also  formed  by  the  continued  action  of 
chlorine  on  the  foregoing  bodies  or  on  ethyl  chloride.  For  this 
reason  it  is  also  termed  peutaehloreihinc.  It  is  readily  prepared 
by  the  action  of  phosphorus  pentachloride  on  chloral*  It  is  a 
liquid  having  a  sweet  burning  taste  and  a  pleasant  honey-like 
smell,  boiling  at  150''  and  having  at  0°  a  specific  gravity  of 
1708D,<*  fl 

TttrafhJon'fkykne,  C^C!^.    This  compound,  which  waa  formerly  ™ 
called  protoehloride  of  carbon,    was   obtained   by  Faraday,  in 
1821,  by  passing  the  vapour  of  hexch  lore  thane,  C^jCl^j,  through 
a  red-hot  tube/     Regnault  prepared  it  from  the  latter  com- 
pound by  acting  upon  it  with  alcohoHc  solution  of  potassium 


hydrosulphide  :  ® 


C.Clfl  -h  2KSH  =  CjCl,  -t-  2KC1  -I-  SH^  -f  & 


KriLmer,  Ber,  IkvUch.  Chem.  Oes.  ill  250, 

Pierre,  Ann.  Chcia,  Pfmnn.  \xx%,  127, 

.Stadtil,  Ann,  Chem.  Pharm*  cxev»  187. 

Fischerp  Jahresh,  1864,  481, 

Patcmo,  (Jitmptat  UenduSi  Ixviii,  450  ;  Ann,  Chcm^  Pkarm,  cli. 

Thoqic,  Jauni,  Ciuim,  Hoc,  ISSO,  i.  192. 

Phil,  Tram,  1821,  47. 

Ann,  Chcm,  Phann.  xxx,  850  i  xxxUL  324. 
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It  is  also  fonned  from  bexchlorethane  by  the  action  of  rc^ducing 
agents,  guch  as  zinc  and  dilute  sulpliuric  acid  or  zinc  filings  in 
presence  of  alcohol.^  The  reduction  in  this  way  may  readily  go 
further,  and,  according  to  Bourgoin,  a  pure  product  is  obtained 
hy  dissolving  bexchlorethane  in  double  its  weight  of  aniline  and 
beating  this  to  170".  The  distillate^  which  still  contains  some 
of  the  higher  chlorinated  compound,  is  distilled  with  an  equal 
weight  of  aniline  at  130" — 140"*,  and  the  distillate  then  fieed 
from  aniline  by  dilute  sulphuric  acid.* 

It  is  a  highly  refracting  mobile  liquid,  boiling  at  121**,  and  at 
0'  having  a  specific  gravity  of  10505,  whilst  that  of  its  vapour 
13  5*82  (Regnault). 

It  again  combines  with  dry  chlorine  in  the  sunlight  to  form 
hexchloretbane,  but  when  placed  under  a  layer  of  water^  trichlor- 
acetic acid  is  also  formed.  When  totrachlorethyleue  is  heated 
with  sulphur  trioxide  to  150**,  trichloracetyl  chloride  is  formed  : 

CCl^^CCl^  +   SO3  ^  CCI3-COCI   +   SO,. 

Bexchlorethane,  Q^\,  was  first  prepared  by  Faraday  by  the 
continued  treatment  of  ethylene  chloride  with  chlorine.  It  is 
the  final  product  of  the  action  of  this  element  on  ethyl  chloride 
<aM  on  all  the  foregoing  substitution-products.  It  may  be  formed 
synthetically  by  passing  a  mixture  of  hydrogen  and  tetnicblor- 
mcthane  vapour  through  a  red-hot  tube  :  ^ 


CCl, 
CCl, 


H 

I      = 
H 


CCI3 

t 
CCL 


+ 


HCl 
HCL 


Hexchlorethane  crystallizes  in  rhombic  prisms  and  has  a  strong 
aromatic  camphor-like  smelL  It  is  tolerably  soluble  in  alcohol, 
gtiU  more  so  in  ether,  but  scarcely  dissolves  in  water.  When 
heated,  it  sublimes  at  a  temperature  beluw  its  melting  point, 
which  lies  at  185** — 187*-  In  order  to  bring  the  liquid  to  the 
boiling  point  it  must  be  heated  under  prensure.  When  the 
pressure  is  reduced  to  one  atmosphere  a  sudden  solidification 
takes  place,  from  wbich  it  appears  that  the  melting  point  of 
tliis  compound  lies  somewhat  higher  than  its  boiling  point.* 

Ethyl  em  Bn/mhydrin,  C2H^Br(0H),  is  obtained  by  saturating 
ethylene  gb'col  with  hydrobromic  acid,  and  heating  the  solution  to 

^  Geuthcr.  ib,  evil  212. 

*  Bourpan,  Bull,  Soc,  Cklm.  xJciiL  244* 

*  Statleler,  Ann^  Chcm,  Pharrn,  Siippl.  vii,  168. 

*  Halin,  Bet,  Jjeuisch,  Cli^m,  Gof,  xi,  173j. 
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has 


100^     It  is  a  thickish  pleasantly  smelling  liquid  which 

"i**  a  specific  gravity 


1 


leasani 
bitter  taste,     it  boils  at  147°,  and  nas 
1-60,  that  of  its  vapour  being  4"3U25.^ 
474  Ethjlene  I>ibromidet  CgH^Br^,  was  first  prepared  by  Balard, 

It  is  easily  formed  by  pas^in^  ethylene  into  weU-cooled  bromini 
which  is  covered  by  a  layer  of  water.     In  order  not  to  be  incon* 
venienced    by  the   bromine   vapours   which   are   evolved,    the 
arrangement  suLrgested  by  Hofmann*  is  employed.     A  strong™ 
glass    bottle    of   two    to   three   liters   capacity   is   filled   with^ 
ethylene  under  water,  and  120  grams  of  bromine  together  with 
the  same  quantity  of  water  arc  poured  in,  and  the  cork  quickly 
replaced  by  one  carr}'ing  a  glass  tube  which  passes  nearly  to 
the  bottom  of  the  vessel,  and  being  connected  by  a  caoutchouc 
tube  with  a  gas-holder  containing  ethylene.     The  gas  is  now 
allowed    to    pass   in,  the    whole   being  shaken  until   no  more 
absorption  takes  place.     More  bromine  is  then  iuldcd,  and  the 
operation  repeated  until  a  sufficient  quantity  of  the  dibromide  h 
is  obtained.  ^ 

In  order  to  prepare  larger  quantities,  the  method  described 
by  Erleomeyer  and  Bunte,  and  shown  in  Fig,  101,  may  be  useit 
The  ethylene  is  prepared  by  the  method  already  described, 
and^  in  order  to  obtain  it  as  pure  as  possible,  it  is  passed 
througli  an  empty  bottle  {a)  to  condense  any  vapours  of  other 
and  alcohol  which  may  be  present ;  the  bottle  Qi)  containing 
sulphuric  acid  retains  any  of  these  products  which  are  not 
condensed  in  {a)^  whilst  (r)  and  [d)  contain  caustic  soda. 

The  air  is  first  driven  out  of  this  part  of  the  apparatus,  and 
the  bottle  (f)  two-thirds  filled  with  brutiiine  and  water,  and  con- 
nected on  one  side  with  the  upriji^bt  tube  K,  and  on  the  other 
side  with  the  bottle  (/),  which  is  filled  to  a  height  of  five  cm. 
with  broken  gla^s,  and  then  with  lumps  of  dry  soda- lime.  The 
air  is  now  driven  out  so  that  the  tube  R  is  half  filled  with 
bromine,  and  the  tube  connected  with  the  bottle  {d),  and 
ethylene  is  passed  in  until  the  colour  of  the  bromine  has  dis- 
appeared. The  crude  product  is  purified  by  wasljing  with  caustic 
soda  and  water,  then  dried  over  calcium  chloride,  and  rectified. 

Ethylene  bromide  is  a  mobile  pleasruitly  smelUng  liquid » having 
a  sweet  taste,  boiling  at  131*'*5,  and  having  a  specific  gravity  iit  0" 
of  2  2132  (Thorpe),  whilst  that  of  its  vapour  is  G48.5  (Regnaiilt). 
It  solidifies  in  the  cold  to  crystals  which  melt  at  9°'5  (llegnault). 

*  Heuiy,  Ann.  Chim,  Fhyi.  [4],  ixvii.  250,  »  Ih.  [1],  XJtxii,  «76. 

•  jQitm,  Ch'Ctn.  Soc,  xiii,  67. 
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Wlien  heated  with  water  to  150** — IGO*'  it  is  converted,  aa  Cariua 
has  showi)^  into  hydrobroraic  acid  and  aldehyde.^  In  this 
decomposition  glycol  as  we  know  now  is  first  formed  (p.  34)* 

475  ^^oiiohrrmdhylciu,  or  Vinifl  Bromide,  C.>H.^Er,  is  formed  by 
t!i€  action  of  alcoholic  potash  on  ethylene  bromide,^  or  etiiidcne 
bromide.^  It  is  a  liquid  which  boik  at  IS**,  and  has  a  specific 
gravity  of  1  56,  and  in  the  sunlight  is  converted  into  an 
amoqihous  pol3^mcric  modification.  When  treated  with  very 
concentrated  hydrobromic  acid,  it  unites  to  form  ethylene 
bromide.  With  a  weak  acid,  on  the  other  hand,  it  forms 
ethideno  bromide.*  It  combines  also  with  chlorine  and  bromine 
to  form  a  dichloride  and  dibromide,  and  from  these  a  series  of 
substituted  ethylenes  and  additive-products  may  be  prepared,^ 
of  which  the  following  may  be  mentioned. 

Tetrahromethykne,  C^Br^,  is  not  only  formed  from  peotabrom- 
etbane,**  but  also  together  with  other  products  by  the  action  of 
bromine  on  alcohol  or  ether. ^  It  crystallizes  from  alcohol  in 
laminae  which  melt  at  53°,  and  have  an  aromatic  smell  and  a 
sharp  burning  taste. 

Hexhromdhane,  C^Br^,  crystallizes  from  solution  in  carbon 
disulphide  in  thick  transparent  tetragonal  fdsms  which  decom- 
pose at  2{}(f — 210''  without  previously  melting,  giving  rise  t^ 
the  foregoing  rompjund  and  bromine.^  It  is  distinguished  from 
tetrHbromethylenei  inasmuch  as  it  is  not  volatilized  in  a  current 
of  ateam." 

Efhyhne  Chlm-hrmmdc,  r.jH^ClBr,  is  obtained  by  passing 
ethylene  into  a  well- cooled  aqueous  solution  of  brominti 
chloride.^''  It  is  also  formed  by  the  action  of  bromine  on 
ethylene  chloriodide.'^  and  is  a  liquid  resembling  ethylene  dlbro- 
mide,  hauling  at  107*^ — 108",  and  liaving  at  0^  a  specific  gravity 
of  179.     Alcoholic  potash  converts  it  into  monrjchlorethylene, 

Efhi/kne  lodhydrin,  O.H^I  ((Z)H).  was  prepared  by  Butlerow 
and  Uss<»kin,  by  heating  the  cblorliydrin  with  potassium  iodide. 
It  is  a  heavy  oily  liquid  having  a  burning  taste  and  characteristic 
smell,  and  can  be  distilled  in  a  vacuum  without  decomposition.^'* 

^  Ann,  Chrm,  Phm-m.  cxxxi.  173.  '  Regnault,  Ann.  Pkarftu  xr.  63, 

»  HfiUtein,  Bull.  AW.  Chim.  1861,  121, 

*  rt<iboul,  VinnpUs  JlKfulii^f  liv.  1229;  Ann.  (Them.  Pharm.  cxxiv.  ^67, 

*  See  Deiizil,  Ann.  Chufii.  Phnrm.  cxcv.  2)5. 

*  Leniiux,  PrtfC.  lioij.  Sof.  xL  257. 
^  Ld\nj?,  AM?<^  Ann.  xvL  377.  *  Keboiil,  loc.  cU. 

*  aierz  und  Weith,  B^^r.  Dtatsch.  Chem.  Cts,  xi.  2230, 
^*  Simpaon,  Pnx^.  lloy.  Soc.  nxviL  118. 
*^  Ucnry,  Ann.  Cfunn.  Phann.  clvi,  14,  ^^  lb,  cxUv.  42. 
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476  RJitflrTu  IH'Wdidi\  C^H^I^,  was  first  prepared  by  Faraday 
in  1821,  by  acting  on  ethylene  with  iodine  in  the  sunlight.^  It 
is  abo  formed  when  the  gas  is  passed  into  iodine  warmed  to 
50* — 60^.*  It  is,  however,  best  prepared  according  to  the 
pfocesfl  of  Semenoff,  by  passing  ethylene  into  fiuely-powdered 
iodine  mixed  with  alcohol  so  as  to  form  a  thin  paste.  When  a 
considerable  quantity  of  the  compound  has  been  separated  out, 
the  iodine  solution  is  poured  off,  mixed  again  with  iodine,  and 
the  operation  repeated*  The  crystals  thus  obtained  are  pure 
after  they  have  been  washed  ^"ith  cold  alcohol,'  It  ciystal- 
liEes  in  colourless  tables  or  prisms  melting  at  81*"— 82".*  It 
possesses  an  aromatic  smell,  and  the  vapour  attacks  the  eyes  and 
produces  headache.  It  is  a  very  unstable  compound,  being 
easily  converted  in  the  presence  of  light  into  iodine  and 
ethylene.  When  heated  it  also  decomposes,  though  a  portion 
of  it  sublimes,  and  it  may  be  sublimed  without  decomposition 
in  an  atmosphere  of  ethylene. 

When  ethylene  iodide  is  heated  with  alcohol  to  70^  the  com- 
pound C^HjOX'HI.CHj  is  formed.  This  is  monioddhyl  oodde^ 
and  is  a  yellnw  oily  liquid  having  a  sharp  overpowering  smelL 
iSodium  ethyl  ate  converts  it  into  acetal.^ 
Alcoholic  potash  converts  ethylene  di- iodide  mio  mmiioddliylen^ 
'  rinyl  iodide,  C^Hjl,^  a  decomposition  which  may  easily  pass 
further,  when  much  acetylene  is  evolved."^  It  is  a  colourless 
liquid  having  an  aUiaceous  smell,  boiling  at  56"  and  at  0** 
liaviog  a  specific  gravity  of  2  08. 

Efki/kfie  Chloriodidc,  C\\i^C\X,  is  formed  when  ethylene  is 
passed  into  an  aqueous  solution  of  iodine  monochloride.*  It  is 
an  oily  liquid  boiling  at  140^  and  at  10"*  having  a  specific  gravity 
of  2'1G44  (Thorpe).  Alcoholic  potash  converts  it  into  mono- 
chlorethylene,  and  when  heated  with  finely  divided  silver  to 
160'  ethylene  and  ethylene-di chloride  are  formed.'* 

EthyUm  /Pn/miodidr,  C^H^Brl.  This  body  is  formed,  according 
to  Simpson,  by  passing  ethylene  into  an  aqueous  solution  of 
iodine  bromide.     It  is  deposited  in  white  needles  resembling 


'  Quart,  Joum^  Scuiux,  liii.  120, 


'  Begnault,  Ann.  Phnrm.  xv,  67, 


•  Aron«l«iii  uiid  Knifiips,  Btr,  DnttAth.  (Jhem    Gu,  xiii. 

•  BiiumaTark*  lUr,  IhMijfch,  Cfimi,  Ocs.  vii.  1172* 
'  Ikgnjitilt,  Ann,  Pharm,  xv,  63. 

^  Gii«tavsoQ.  Joam.  IhtJi»,  Chan,  Ge9,  vL  164. 
'  ?*tmf«f>n,  Pro^.  J^jy.  Soc,  xiu  *27^. 

•  ¥tuhU\  and  Silva,  SulL  Soc,  CVum,  xrii,  242. 
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etiiylene   iodide,  melts   at   28^  and   boils    between   162*^  and 

477  Sulphates  of  Eikt/iaie.  Wben  ethylene  alcohol  is  heated 
with  concentrated  pulphuric  acid  to  150'',  it  forms  etkyknc-'Jiydroxy* 
mtlpJmrlc  acid,  CoH^(OH)SO^H,  a  body  which  is  not  known  in 
the  pure  state.  The  barium  salt  is  easily  soluble,  it  forms  a 
white  subd  in*iss  which  decomposes  readily  in  aqueous  solution 
with  formation  of  glycol,  sulphuric  acid,  and  ban  urn  sulphate.^ 

Ethifknimdpkurk  Acid,  C^H^(SO^H)^,  is  formed  when  glycol 
is  allowed  to  fall  drop  by  drop  into  cblorsulphonic  acid  which  is 
cooled  by  ice : 

2SO2 1  Q jf  +  C^H,  J  Qjj  =  C.H,  I  ogQ^^;oH  +  2HCL 

It  is  a  thick  liquid,  which  decomposes  only  at  160°;  on  heating 
with  water  is  resolved  into  sulphuric  acid  and  glycol.  Its  barium 
salt,  (XH^(S04)2Ba  -h  2H/3,  crystallizes  in  slender  interwoven 
needles.^ 

EtJujkm  Niirite,  C^H^CNO^)^.  This  compound  was  first 
obtained  by  SemenoflT  by  passing  ethylene  into  liquid  nitrogen 
tetroxide,  An  oily,  very  poisonous  body  is  formed  at  the  siimo 
time,  but  this  has  not  been  further  investigated.  Tlte  nitrite 
may  be  obtained  in  tlie  purer  state  by  passing  ethylene  into 
pure  ether,  ami  at  the  same  time  allowing  nitrogen  tetroxide  to 
drop  in.  Ethylene  nitrite  crystallizes  in  tables  or  prisms  w^hich 
fuse  at  37*  5,  and  sublime  at  a  higher  temjierature  with  partial 
decomposition.^  It  has  not  yet  been  ascertained  whether  this 
compound  is  a  nitrous  ether  or  dinitro-ethvlene,  thuugh  the 
former  of  these  views  is  the  more  probable,  as  amyl  nitrite 
prepared  in  a  simiLtr  way  is  doubtless  a  nit  runs  etlier. 

Wlicn  tetraehlorethylene  is  heated  with  nitrogen  tetroxide  to 
110"""120^  dinitro-tetrachlorethylene,  a^Cl/NOj).>,  is  formed, 
a  body  crystallizing  from  alcohol  in  feathery  needles.  It  smells 
like  chlorpicrin,  and  is  easily  decomposed  on  heatings  but 
sublimes  in  a  current  of  aqueous  vapour.^ 

Ethykm  NUri-niirate,  C^A  *jvrv »  is  formed  wlien  ethyl- 
ene is  passed  into  a  well-cooled  mixture  of  concentrated  nitric 
and  sulphuric  acids.      It  is  a  colourless  oily  liquid  having  a 


*  Simpson,  Proc,  Rotj,  Soc,  xxii.  61 

■  Clat'sson,  ./owm,  Fmkt^  Chem.  [2j,  ix.  2. 


« 


I 


I 


*  ZeiUcL  Chtm.  18C4,  673. 


*  Kolbe,  Ber,  Deutsche  Cfiem,  {rear.  ii. 
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spirituous  and  pungent  smell,  the  vapour  attacking  the  eyes 
and  producing  headache.  On  heating,  decomposition  takes 
place.  Alkalis,  as  >vell  as  dilute  hydriodic  acid,  convert  it  into 
ethylene  alcohol,  a  reaction  which  shows  that  it  is  not  a  nitro- 
ipound.* 

Ethijltne  Nitmit,  CgH^(ONOj)^,  is  produced  when  ethylene 
glycol  i^  graduatiy  added  to  a  well-cooled  mixture  of  concen- 
trated nitric  and  sulphuric  acids.  It  is  a  colourless  oily  liquid 
having  an  unpleasant  sweet  taste,  and  taking  fire  readily,  burn- 
ing quickly  with  a  bright  flame.  It  decomposes  on  percussion, 
is  poisonous^  and  is  converted  into  ethyl  alcohol  in  presence  of 
caustic  potash.^ 

In  a  similar  way  Mh/leru  ChlomUrate,  C^H^Cl.NO.,,  is  obtained 
from  ethylene  chlorhydrin,  and  this  substance  is  also  a  heavy 

Loily  liquid  (Henry). 
478  Borate  of  ElhyltM.     By  the  action  of  boron  trioxida  on 
ethylene  alcohol  the  monoborether  is  obtained : 
fo  ro.aH.OH 

B^Cl    +    SaH/OH),    -    B-  O.C:h,X)H    4-    3HC1. 
I      (Cl  '  i0.C,H,.0H 

It  separates  out  from  its  solution  in  chloroform  in  yellowish- 
while  microscopic  laminse  which  are  decom]josed  hy  water  into 
boric  acid  and  glycol.  It  is  not  combustible,  but  colours  the 
luminous  gas  flame  of  a  bright  green. ^ 

Ethytate  Thiocyanate,  CaH^(SCN)2,  is  formed  by  heating 
ethylene  bromide  with  alcoholic  solution  of  potiissium  thiocyan- 
ate.  It  is  sliglitly  soluble  in  cold  water,  and  more  e^isiiy  soluble 
iu  hot  water  and  in  alcohol.  It  crystallizes  in  needles  or  rhom- 
bic tables,  melting  at  90°,  and  having  a  sharp  taste.  Its  smell 
peculiar.     When  boiled  with  water  it  volatilizes,  its  vapour 

rking  the  eyes.* 
Ethylene  SelcnocyaTUtte,  CaH^fSeCN)^,  is  obtained  in  a  similar 
way  to  the  foregoing,  from  potassium  selenocyanate.     It  crystal- 
lizes from  boiling  water  or  alcohol  in  fine  white  needles,  which 
Juclt  w*ith  decomposition  at  128°,^ 
Ethylene  Bi/ormate,  C2H^(CHOj)2,  is  formed  by  boiling  glycol 


'  KrkuU»  Bet,  IkufMh.  Chetn,,  Ges.  it  !J29, 

•  L.  Henry,  Bitr,  Dtul^h,  Chtm^  Oes.  ill  620 ;  Cliampion,  Compt.  lUnd>  Ixdii 
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*  rouncl»^r,  Btr.  tkut*cK  Chcm.  Gts.  xL  1106. 

*  Bntr,    Afin,  Ckem.  PhanA,   xcvL   362  ;  c.   228  \ 
Mm.  Praki.  Chrm.  Ixv.  257. 

*  rraakitiur,  Ikr,  iJcuiMch,  Chtm,  Oa,  rii.  1280. 
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with  3  to  4  parts  of  75  to  80  per  cent,  formic  acid  in  conDecti' 

T^ith  an  iiivt-rted  condenser.     The  product  is  then  distilled,  ani 

a  liquid  obUioed  which  boils  between  170" — 180^  and  this  also 

contains  monofonnate.     In  order  to  remove  this  latter  compound 

it   is   again   heated    with  formic   aciJ,    and  the  pure  eth'er  is 

obtained  by  rectification  of  the  product.     It  is  a  mobile  liquid 

having  a  peculiar  smell  and  boiling  at  174''> 

(  OH 
479  EtkyUm Monacetaie^ot Eihylmt MonaccHn.C^A       ,  ^  J| 

The   formation  of  this  componnd  baa  already  been  described 

under  glycol     It  is  obtained  by  fractional  distillation  as  an  oily 

liquid  having  a  neutral  reaction,  a  faint  smell  resembling  acetic 

acid,  and  boiling  at  182^     It  is  heavier  than  water^  and  miscible 

with  this  liquid.     The  ether  ia  also  ftirnied  when  glycol  is  heated 

to  200"  with  the  necessar}'  quantity  of  acetic  acid,^     If  acetic 

anhydride  be  employed   in   place  of  acetic  acid,  the   reaction 

takes  place  at  17U^^ 

EihtflcTie  DLaciiat&,  or  Eihyhm  Diacdin,  CgHJOC^H^O)^,   is 

best  obtained,  according  to  Wurtz,  by  mixing  5  parts  of  ethylenJ 

bromide  and  9  parts  of  silver  acetate  with  acetic  acid  until  the^ 

form  a  thin  paste»  and  heating  this  fur  some  days  to  100',     It  m 

then  washed   out  with  ether,  the  latter  distilled  off,  and  the 

residue  fractionated.     It  ia  also  obtained  by  heating  glycol  with 

excess  of  acetic  acid  to  200""  (Laureuf^o).      Ethylene  diacetate 

is  a  colourless  liquid,  having  a  aiTecific  gravity  at  0°  of  1*128, 

and  boiling  at  180'' — 187°.     On  heating  it  has  a  faiot  smell  of 

acetic  acid,  and  it  dissolves  at  22*"  in  7  parts  of  water,  separating 

out  again  on  addition  of  calcium  chloride,  J 

f  CI  " 

Etkylme  Chloracetin,  or Elh^knc  Acctockloride^CJS,,  {  X Vi  tt  n, 

is  obtained  by  heating  a  mixture  of  glycol  and  acetic  acid  satn- 
rated  with  hydrochloric  acid,  or  better  by  passing  hydruchloric 
acid  gas  into  ethylene  monacetin  heated  to  lOO""  (Simpson).  It 
is  also  formed  by  tlie  action  of  acetyl  chloride  on  glycol 
(Lauren^n).  It  is  a  liquid  boiling  at  145^  and  having  at  0'*  a. 
gpecific  gravity  of  M783.  I 

ElhyJme  lodacetin,  C^Aq  ^^  Q,  is  formed   in   a   similar 

way  to  the  foregoing  compound  by  the  action  of  hydriodic  acid 


'  H<<ntiinger»  Bull,  Soe.  Chim, 
*  I^tireiM^o,  Ann,  Chim.  Pkys. 


[21,  XXI.  249. 
[3],! 
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on  the  cold  monacetin.     It  is  an  oily,  sweetish  liquid,  which 
on  cooling  erystalUzea  in  tables  (Simpson). 

Besides  these  ethers  the  following  may  be  mentioned.     They 
have  been  prepared  by  LaureD<jo,  Simpson,  and  Wurtz  : 

B.P, 

Ethylene  monobutyrate,    C^H^  -!  ( )  ( *  tt  q     about  220^ 

Ethylene  acetobutyrate,     CM  A  Q  C'H^O     ^^^  ^  ^^^^' 
Ethylene  cUbutyrate,  C^H,  j  q  q^JJ'q     230  to  2^1', 

{OH 
OGHO     ^bout  240^ 

Ethylene  acetovalerate,      C.H^  |  q  c'h!o         "     ^*^^*'- 

Ethylene  divalerate,  C.H,  {  q  ^'h^O         "     ^^^'• 


SULPHUR  COMPOUNDS  OF  ETHYLENE, 

JOTT 
-, J-,., ^^_„^„„.^ ,   __.^  .  ^jr,  was  obtained  by 

Cariusby  acting  on  potassium  hydiosulphide  with  ethylene  chlor- 
hydrin.  It  Is  a  colourless  liquid  heavier  than  water;  having  a 
iiunt  smell  of  mercaptan.  Its  alcoholic  solution  gives  precipitates 
with  many  metallic  salts.^ 

KthyltJie  DihydrosidphidCt  or  Ethyhnc  Mercapta-n,  C^H^(SH)2, 
The  existence  of  this  compound  was  observed  so  long  ago  as 
1840  by  Lowig  and  WeidniaDU,  but  it  wjis  first  prepared  in  the 
pure  state  in  18G2  by  Women  It  is  easily  formed  by  the  action 
of  ethylene  bromide  on  potassium  hydrosulphide  in  alcoholic 
fikoluiioiL  It  is  a  colourless  highly  refracting  liquid,  boiling  at 
146*,  and  having  a  S]X3cific  gravity  of  1  123  at  2'^°'5»  It  dis- 
solves easily  in  ammonia  and  other  alkalis^  and  forms  insoluble 
mercaptides  with  the  lionvy  metals.^ 

Ethylene  Sulphide,  C^H^S,  is  obtained  by  the  action  of  an 
alcoholic  solution  of  potassium  sulphide  on  ethylene  bromide, 
*  Cariuii,  Jnn.  Chrm.  Phartn,  cxxir.  257. 
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aud  was  first  prepared  by  Lowig  and  Weidraann  as  a  >vhite 
amorphous  |>aw(Jer^  and  termed  by  them  sulpkcthcrin.^ 

The  budy  was  tlieu  examined  ahiiost  siiiiultaneously  by 
Craftji,^  Werner,"  aud  Husemana,*  aud  obtained  by  the  action  of 
an  alcohohc  solution  of  potassium  sulphide  oe  ethylene  bromide- 
According  to  Craftg  the  product  cou tains  bromine,  hut  if  it  be 
submitted  to  a  careful  dry  distillation,  a  white  crystalline  body 
of  the  above  composition  is  obtained,  and  this  is  purified  by 
beatiug  tlio  first  product  for  some  days  in  contact  with  ether, 
alcohol,  or  carbon  disulphide  to  150** — 160^  Husemann  found, 
moreover,  tliat  this  conipound  may  be  obtained  by  heating 
mercury  ethylene  mercaptide  with  ethylene  bromide  : 

Hence  this  compound  is  dkihi/ltne  dmdpkide,  and  its  consti- 
tution is  analogous  to  tliat  of  diethylene  dioxide*  Its  vapour 
density  Wiis  also  found  to  correspond  to  this,  being  4"28. 

Diethylene  disulphide  crystallizes  from  hot  alcohol  in  white 
ghstening  needles,  aud  from  ether  in  hard,  glassy,  monoclinic 
prisms.  It  has  a  powerful  ernell  and  pungent  taste,  sublimes  at 
11  r  and  boils  at  about  200^ 

It  unites  directly  with  the  elements  of  the  chlorine  group, 
Tiie  con^ pound  with  iodine  is  comparatively  stable,  crystal Uzing 
in  monoclinic  tables,  iiaving  the  formula  (0Ji^)2SJ^,  or  ]>erliai>s 
C„H^8I^,  The  crystals  appear  red  by  transmitted  light,  but 
have  a  metallic  or  an  iron-blac^k  lustre  by  reflected  light. 

Concentrated  nitric  acid  converts  the  disulphide  into 
(CjHJ^SgO^,  a  body  crystallizing  from  hot  water  in  white 
needles.  Heated  under  pressure,  (CgH^)2S20^,  or  C^H^SOj,  is 
produced,  a  body  winch  forms  crystals  insoluble  in  water. 

Ediyknc  Thlocarhoualc,  C^H^CSj,  is  forracEl  by  the  action  of 
sodium  thiocarbonate  on  ethylene  bromide.  It  crystallizes  from 
ether-alcohol  in  fine  golden-yellow  prisms,  melting  at  SC^'a. 
It  is  oxidized  by  dilute  sulphuric  acid  to  iiltj/kne  oyythwcarhonatc^ 
CgH^.COS^,  which  crystallizes  from  alcohol  in  thin  needles, 
melting  at^Sl", 

481  MhfflcTie    Thwchloridcs.      These  bodies,  discovered    by 


*  Poff<f,  Ann.  xlix.  123. 

^  Ann,  Vhtm.  Phntm.  cxxtv.  llO  ;  cxxviii.  220. 

*  Zeitach.  Chtm.  1S62,  684. 

*  Ann.  Chem.  Tkarm,  cxxvi.  26ft. 
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duthrie,^  are  formed  by  the  direct  union  of  etbylene  with  the 
c^hlorides  of  sulphur. 

Ethykiie  Thwdidihridt,  C^H^SC^,  is  formed  by  passing 
ethylene  into  well-cooled  sulphur  dicbloride,  wliich  must  be 
«ifter^'ards  heated  to  100**  It  is  a  liquid  having  a  taste  and 
smell  resembling  mustard-oiL  It  produces  blisters  when  brought 
on  the  skin,  and  at  the  ordinary  temperature  gives  off  a  siiiall 
amount  of  vapour  which  attacks  the  mucous  membranes.  It 
decomposes  easily  on  heating. 

£thylcne  DithiodicMoride,  {C^^^fil^,  is  formed  by  heating 
ethylene  with  sulphur  monochloride  to  100°.  It  is  a  light- 
3'ellow  liquid  having  a  sweet  pungent  odour  and  taate^  the 
vapours  of  which  attack  the  eyes  powerfully. 

Chlordhykne  DUhiodichloride,  iflfij^'\)JiS^^,  is  formed  by 
Che  action  of  eth3dene  on  boiling  sulphur  monochloride.  It  is  a 
light-yeilow  liquid  having  a  sweet  biting  taste  and  a  pleasaut 
odour  resembliug  that  of  lemons  and  peppermint. 


K 
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48a  Ke^^rnault,  in  1837,  was  the  first  to  point  out  that  ethylene 
Unites  with  tlie  vapour  of  sulphur  trioxide,  forming  the  crystal- 
line compoimd  C^H^SgO^^,  to  which  he  gave  the  name  of  sul- 
phacetylie  acid.^  The  sanie  body  was  obtaint^'d  by  Magnus  by 
acting  with  alcohol  on  sulphur  trioxide.  He  termed  it  carhyl 
Iphatf,  and  found  that,  in  contact  with  water,  it  gives  rise  to 
a  dibasic  acid,  to  which  he  gave  the  name  of  cthumic  acid^ 
C^HiS^OyHg*  but  that  when  boiled  with  water  it  is  converted 
into  monobasic  isdkionic  acid,  CJ^rSOJl,  nnd  sulpliuric  acid.^ 
Later  investigations  Itave  proved  that  the  last-named  acid  is  a 
sulphonic  acid,  and  that  these  compounds  have  the  following 
constitution : 


Etluonic  Acid. 


C,H 


/O.SOj.OH 
*\SOj.OH. 


IsetUonic  Acid. 
/OH 


Isefhionic  Acid  or  IlydrostyethylfAie  Sitlphmiie  Acid,     Before 
the  discovery  of  carbyl  sulphate,  this  substance  was  prepared  by 


*  Jonm,  Cf^m,  Soe.  n\\\.  35  ;  tft.  129  ; 

*  Ann.  Cfurm.  Pharm.  xxv.  32. 


xiv,  128, 
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Magnus  from  etliionic  acid,  a  compound  which  he  had  obtaiD<?(t 
by  treating  alcohol  or  etlier  with  sulphur  trioxide  and  dissolviug 
the  product  in  water.  Magnus  thouglit  at  first  that  the  two 
acids  were  isomerides  and,  as  Sertiimer  had  suggested  for  sul- 
phovinic  acid  (ethyl  sulphuric  acid),  the  name  of  oenothionic 
acid,  Magnus  adopted  tlie  above  names  for  his  acids,  as  both 
might  be  considered  to  he  compounds  of  ether  and  anhydrous 
sulphuric  acid.^ 

Isethionic  acid  is  also  formed  Id  an  analogous  way  to  the 
other  sulphonic  acids  by  oxidizing  ethylene  hydroxy  sulphide 
(p,  51)  with  nitric  acid,  and  its  potassium  salt  is  formed  wlicn 
an  aqueous  solution  of  acid  sodium  sulphite  is  heated  with 
ethylene  oxide  to  100*^  It  is  also  found,  in  an  anah>gous  way. 
from  normal  sodium  sulphite  and  ethylene  chlorhydrin  at  a 
ten:?peraturc  of  170"*— ISO'.* 

In  order  to  prepare  it,  the  vapour  of  sulphur  trioxide  is  |iassed 
into  well-cooled  absolute  alcohol  or  ether,  the  product  diluted  with 
four  times  its  volume  of  water  and  boiled  for  some  hours,  the 
evaporated  water  being  from  time  to  time  replaced.  It  is  then 
saturated  with  barium  carbonate  and  filtered.  The  liquid  is 
concentrated  by  evap-iration  until  crystals  of  barium  methylene 
disulphonate  {Pari  I.  p.  2G4),  sej^arate  out,  wliilst  the  rest  of  the 
salt  is  thrown  down  on  addition  of  alcohol.  The  filtrate  is  tlieu 
concentrated  to  the  consistency  of  a  thin  syrup,  and,  on  standing, 
barium  isethionate  separates  out,  and  this  is  decomposed  by 
dilute  sulphuric  acid*  On  evaporating  the  solution,  isethionic 
acid  remains  as  a  syrup  but  crystalhzes  to  deliquescent  needles 
having  a  strongly  acid  taste,  wlien  allowed  to  evaporate  over 
concentrated  sulphuric  acid. 

The  salts  of  isethionic  acid  are  readily  soluble  and  crystal- 
line, PoiiUsium  Iscthwnate.C^HJ^OH^SO^K^  crystallizes  in  gh>- 
tening  laminae  or  rhombic  prisms.  Ammoinum  Iscihion^h, 
C2H^(On)S03NH^,  is  deposited  in  triuispjirent  prisms  or  pyra- 
mids. Barium  L^fhiomife,  [C2H^(OH)SOy]2Ba»  crystaUizes  in 
transparent  six-sided  tables,  or  is  formed  in  largo  semi-transparent 
crystals. 

Isethionic  acid  fUso  acts  as  an  alcohol,  and  hence  it  exhibits 
ektions  similar  to  the  hydroxy-acids  of  the  lactic  series. 
Thus,  on  oxidation,   it  is   converted   into   sulplionacetic   uciil, 

*  Fwfg,  Ann,  xxviL  37S. 

■  Erie nmrycr  and  Diimistiulter,  Zcitsek  Clum.  16C8,  842, 

'  CoUtUAftD,  Awn,  Ch<fa,  Phartn,  cxlviii.  101, 


TAURINE. 


to 


ICH^(SO3H)C05H,i  a  body  which  will  be  described  under  the 

Wlycolvl  compounds, 

I$ethi4/ni/l  DiMoride,  0^11^01(80201),  is  obtained  by  the  action 
of  phospboniB  pentachlorido  on  potaasium  isethionate.  It  is  a 
heavy  colourless  oil,  smelling  like  oil  of  mustard,  and  boiling  at 
about  2m\ 

CfdimMeihumie  Add,  C^H^ClCSOaH).  The  chloride  is  only 
slowly  attjicked  by  water  at  the  ordinary  temperature,  and  in 
order  to  prepare  this  acid  the  mixture  must  be  heated  for  some 
daya  in  closed  tubes,  Ohlorisethionic  acid  crystallizes  in  deli- 
quescent needles  and  forms  salts  which  crystallize  w^ell.  On 
bailing  wuth  water,  especially  in  presence  of  an  alkali,  isethionic 
acid  is  again  formed.* 

Amidisethionic  Acid,  or  Taurine,  CjH^(NHJS03H. 

483  This  bftdy  was  discovered  in  1824  by  Leopold  Gmelin*  in 
ox-bile,  and  afterwards  investigated  more  completely  by  Demar- 
(^y/  and  by  Pelouze  and  Dumas,^  These  chemists,  however, 
overlooked  the  fact  that  taurine  contained  sulphur,  and  gave  to 
it  the  formula  C^H^NOg.  Its  correct  composition  w^as,  however, 
ascertained  by  Kedtenbacher® 

Taurine  occurs  in  bile  in  tliefree  state, but  chiefly  in  combina- 
tion with  cholic  acid  as  taurocholic  acid.  It  is  also  found  in 
the  kidneys,  lungs,  muscles,  &c. 

In  order  to  prepare  it  from  ox-bile  an  excess  of  hydrochloric 
acid  is  added,  the  whole  filtered  and  evaporated  until  a  treacly 
lesinous  mass  separates  out.  The  wateiy  liquid  is  then  poured 
oflf  and  evaporated,  when  common  salt  separates  out,  formed 
from  the  sodium  salts  of  the  bile  acids.  The  solution  wdiieh  is 
poured  off,  is  mixed  with  strong  alcohol,  and  set  aside  until  the 
whole  of  the  taurine  crystallizes  out.  Alcohol  is  then  added 
and  the  whole  purified  by  recrystallizatiou. 

Kolbe  first  obtained  taurine  artifically  by  heating  ammonium 
chlori.stethionate  with  an  excess  of  aqueous  ammonia  to  140^.' 

Taurine  is  tolerably  soluble  in  cokl,  and  very  sokible  in  hot 
ftr,    crystallizing   in    large  transp*arent  monoclinic  prisms. 

>  F,  Cirl,  BfT.  Drut9rh  Chmu  GfJt.  xtr.  63. 

•  Koibc,  Ann»  Chnn.  rhuna.    cxiL  241 ;  cxxil  33. 

*  Tiedcmann  and  Ginclin,  IHc  Ferdauung^  t  43,  690. 

*  Jnn.  Phamu  xxvil  280,  •  lb.  aucviu  292. 

•  Jh,  h'it  170;  Ixv.  37. 
'  Aniu  Chan,  Pftarm,  cxxii.  83. 
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The  crystals  grate  between  the  teeth,  and  have  a  cooliog  but 
not  otherwise  eliaracteristic  taste.  Its  aqueous  solution  has  a 
scarcely  preceptible  acid  reaction,  and,  from  this  solution,  alcohol 
precipitates  it  in  the  form  of  sniaU  crystals,  which  under  the 
microscope  are  seen  to  possess  the  characteristic  prismatic  form. 
It  does  not  combine  with  acids,  nor  does  it  form  salts  of  definite 
composition  with  bases.  That  it  acts,  howevefp  as  a  weak  acid 
is  seen  from  the  fact  that  it  is  nob  precipitated  from  its  solution 
in  alkalis  by  alcohol,  but  that  it  is  thruwn  down  when  carbon 
dioxide  is  passed  through  the  solution. 

Like  other  amido-acida  (Pari  L  p.  4G0)  taurine  must  be  con- 
sidered as  an  ammoaium  salt,  having  the  following  composition: 

I  OIL— NH, 

I  I  I 

r  CH2.SOaO. 

If  nitrogen  trioxide  be  passed  into  its  solution  in  dilute  nitrix? 
acid  it  is  converted  into  isethionic  acid,^ 

Tauro-carhamic  Acid,  C.H^(NH.C0.NH2)S0^n,  is  found  in 
^  the  urine  when  taurine  ia  administered.  It  crystallizes  in 
Igtistening  quadratic  laminee,  easily  soluble  in  water.  The 
potassium  salt  of  tliis  acid  may  be  artificially  prepared  by 
evaporating  mixed  solutions  of  taurine  and  potassium  cyanate. 
If  the  acid  be  heated  with  baryta  solution  to  130"* — 140"  it 
decomposes  into  taurine,  ammonia,  and  carbon  dioxide.^ 

4S4  Carht/l  StdphaU  and  Eihwiiic  AciiL  From  the  foregoing 
constitutional  formula  it  is  clear  that  ethionic  acid  is  the 
sulphate  of  isethionic  acid  and  carbyl  sulphate  the  corres- 
ponding anhydride*  To  prepare  this  latter  compound,  sulphur 
trioxide  is  brought  into  a  vessel  w^ell  cooled  with  ice,  and  then 
a  tube  filled  with  absolute  alcohol  lowered  into  the  flask 
and  the  whole  tightly  closed.  When  the  sulphur  trioxide  has 
been  absorbed,  the  tube  is  brought  into  another  vessel  containing 
trioxide,  and  the  operation  repeated  until  a  sufficient  quantity 
of  the  crystals  have  separated  out,  the  fuming  sulphuric  acid 
which  is  produced  at  the  same  time  being  poured  off  The 
crystals  are  brought  on  to  a  porous  plate  contiuned  in  a  vacuum 
over  sulphuric  acid,  and  allowed  to  stand  until  they  no  longer 
fume.  Carbyl  sulphate  forms  a  radiated  mass  of  crystals,  which 
melt  at  SO"*;  the  fused  mass  crystallizing  on  cooling.     It  absorbs 

I  1  Giiiba.  Sillim.  Am-  Jmni,  [2],  xxv.  30, 

I         *  Saikowsky,  Bct,  Deut^tch.  Chcnu  Ocs.  vi.  744  and  ll&l. 
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:Kiioisture  with  great  avidity,  being  converted  into  ethionic  acid, 
^^hich  is  only  known  in  aqueous  solution.  Its  salts  usually 
orystallize  well,  but  tliey  also  are  very  unstable. 

Di'Ueihionic  Add,  0<  r^H*SO^H*  ^^^  ^^  ^^  ^^^^  ^^^^ 
sje  fomoed  by  gently  heating  the  isethionates.  The  acid  pre- 
pared from  the  barium  salt  has  only  been  obtained  as  yet  in 
%he  form  of  a  tbick  syrup. 

Amvionium  Bi-iscihimiaie,  (CjH^S0^NH^)20.  By  heating 
AmmoDium  isethionate,  Strecker  oUtaiued  a  body  wljich  he 
l>elieved  to  be  taurine.^  Sej berth  showed  that  this  is  not  the  case^ 
stud  he  considered  this  coTnpf>und  to  be  the  amide  of  isethionic 
acitl.  *  Its  exact  composition  was,  however,  first  detenu ined  by 
F,  CorL  In  order  to  prepare  ammonium  di-isctbionate,  am- 
monium iselliionate  is  boated  for  some  hours  to  210''— 220"*,  and 
the  residue  crystallized  from  boiling  alcohol.  It  fiirms  pearly 
glistening  laraimB  which  melt  at  lOG"* — 198°,  When  boiled 
-with  baryta  water,  the  corresponding  barium  salt,  C^H^S/LBa 
-^  H^O,  crystallizes  out  in  thin  six -si  fled  tables*  It  is  also 
formed  when  barium  isethionate  is  heated  fur  some  time 
lo  200". 

485  Ethfjhm  Duulphonic  Acid,  C2H^(S0^H)^,  was  first  pie- 
pared  by  Hofmann  and  Buck  ton  *  by  heating  propionamide  or 
propionitril  with  fuming  sulphuric  acid,  and  termed  by  them 
disulphetboUc  acid : 


I 
ON 


lOH 


Almost  simultaneously,  Buff'*  obtained  it  by  oxidizing 
ethylene  thiocyanate  with  nitric  acid.  It  may  also  be  obtained 
in  the  sam©  way  from  ethylene  dihydrosulphide  and  etliylene 
thio-carbonate.  It  is  likewise  easily  funned  by  acting  on  acetic 
anhydride  with  concentrated  sulphuric  acid.*  The  free  acid  is  a 
very  deliquescent  crystalline  mass  which  yields  easily  soluble 

^  Jnn,,  Chan.  Phnrm,  xcl  P7, 

*  BcT^  Ikutsch,  CUm.  Get.  vii,  301, 

»  lb.  xih  1(304;  xiv,  65, 

*  Proc,  Hoy.  Urn  viiL  )58, 

•  Ann.  Chfjn.  JiiurrtK  c  232, 
«  Fmnehimont,  Comj»i.  Rend.  xdL  1054, 
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salts  whicli  usually  crystallize  well   These  have  been  completely 
studied  hy  Huseioanu.* 

IIt/flroxi/-etki/i€?ie  Bisidphonic  AeiJ,  CglLj(OH)(SOsH),,  is 
formed  by  heating  potassium  isetliionate  with  furaiug  sulphuric 
aciif.  It  forms  a  thick  strongly  acid  syrup.  Its  salts  are  very 
stable  and  crystallize  welL^ 


NITROGEN  BASES  OF  ETHYLENE. 

486  The  action  of  ammonia  on  ethylene  bromide  was  first  in- 
vestigated by  Clcez,  who  obtained  three  different  bases,  termed 
by  him,  Forinyliac,  N{CH)H^;  Acetyliac,  ^(CgHj;!!^;  and 
PropyUac,  N(C^HJH2*^  At  the  same  time  Natanstm  examined 
this  reaction  and  obtained  similar  bodies,  but  did  not  discover 
their  chemical  nature.*  A  clear  liglit  was,  however,  thrown 
upon  this  subject  by  the  iyvestigation  of  Hofmann,5  who 
sJiowed  that  the  action  of  ethylene  bromide  upon  ammonia 
is  similar  to  that  of  the  haloid  ethers  of  the  monatomic 
alcohyl  radicals,  with  this  difference,  that  one  molecule  of 
ethylene  bromide  acts  upon  two  molecules  of  ammonia,  and 
that  the  biases  thus  formed  are  then  further  attacked  by  the 
ethylene  bromide,  as  shown  by  the  following  reaction,  in  which 
graphic   formulae    are    used    in   place    of    Hofmann's  typical 

funnulaB  : 

JLthy]  ene  •diam  in  e. 

2HBr. 


I 


OjH^Brj    + 


CjHjBr, 


2NH,   = 


+ 


hie  tljy  leu  e^d  iamitic, 

CA<:SIi»   =   C,H /^H\c,H,    +    2HBr. 


Triuthylt'ne-triamine. 


C^H^Br,  +  CjH,; 


C5H,  =  an,     CjH,     CiH,  +  2HBr. 

The  last  compound   unites  w^ith  ethylene  bromide  to   form 
totraethylammonium  dibromide,  N2(C2HJ^Br2. 

*  Ann.  Chnn.  Pharm,  cxxvi.  269.      *  M''vc9»  Ann.  CJiem.  Pharm,  oxlut  IM. 

»  Jtthre^k  1853»  468  ;  ib.  1858,  341  ;  ComtAcs  Rtiuhm,  xhi.  314, 

^  Ann    a/tem,  Pharm.  xAi.  48  ;  x^viiL  tiPl. 

9  tVi/i^,  lUnd,  xlvi,  X55 ;  xlix.  781 ;  Ptvc,  lUf\f.  Sae*  x,  224. 
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At  the  same  time  other  reactions  take  place  in  which  poly- 
ethylamines  corresponding  to   the    polyethylene   alcohols    are 

formed : 

Diethylene-triamine. 

2CjH^Br,  +  SNHj  =  NH  +  4HBr. 

C,H,.NH, 

Triethylene-triamine. 

CjH^.NH,        C,H,.NH 

CjH^Br,  +  im  =1^  \^^  +  2HBr. 

CjH^.NHj        CjH^.NH 

Tricthylene-tetFamine. 

NH 

3CjH^Br,  +  4NH,  =      CjH^  +  6HBr. 

NH 

\:!,H,.NH, 
&c. 

In  the  case  of  diamines  containing  the  groups  NHj  or  NH 
the  hydrogen  in  these  groups  may  be  replaced  wholly  or  partially 
^y  alcohol  radicals,  by  heating  the  diamines  with  the  haloid 
ethers.  Similar  compounds  are  also  formed  when  ethylene 
bromide  is  heated  with  the  primary  or  secondary  amines. 

The  tertiary  amines,  on  the  other  hand,  exhibit  a  different 
behaviour  towards  ethylene  bromide.  Apparently  an  addition- 
product  of  the  two  bodies  is  formed,  but  the  substance  produced 
is  the  monobromide  of  an  ammonium  containing  the  group 
CjH^Br,  as  for  example,  trirnethyl-'bromefhyl'ammonium  bromide, 
N(CH,)3(C2H^Br)Br.  Silver  salts  precipitate  only  one  half  the 
bromine  from  this  substance,  whilst  ammonia  withdraws  hydro- 
bromic  acid,  trim^thyl'Vinyl-ammnniitm  bromide,  N (0113)3(02113) 
Br,  being  formed.  If  moist  silver  oxide  be  used  instead  of 
ammonia,  both  bromine  atoms  are  removed,  and  the  hydroxide 
of  the  vinyl  base,  N(OH3)3(02H3)OH,  is  produced. 

From  the  foregoing,  it  is  seen  that  the  number  of  compounds 
of  this  group  is  numerous.  As,  however,  these  bodies  resemble 
the  compound  ammonias  and  ammonium  compounds  in  their 
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chemical  relations,  it  will  here  be  sufficient  to  describe  the  more 
iioiKirtant  of  them. 

487  Eihykne  Diajmue,  C.,,H^(NHg)2.  i^  formed  together  with 
other  of  the  above-named  diaoiines  when  ethylene  hroraine  acts 
for  some  time  on  alcoholic  ammonia  at  100^  The  cooled  liquid 
is  then  poured  oflF  from  the  ammouiuQi  bromide  which  separates 
out,  evaporated  to  dryness,  and  the  residue  distilled  with  caustic 
potasli.  The  distillate  is  dried  over  soHd  caustic  potash,  and 
then  fractionated  and  the  bases  tlms  separated. 

For  the  prepfinUion  of  large  quantities  of  ethylene  diamine 
the  by-product  obtained  in  the  manufnctnre  of  chltM-al,  and 
boiling  between  70°  and  100'',  can  he  utilized.^  This  is  a 
mixture  of  ethylene  chloride,  ethidene  chloride,  and  higher  sub- 
stitution-product^, of  which  the  two  first-named  are  attacked 
by  alcoholic  ammonia  at  100'' — 120*.  As  soon  as  the  reaction  is 
complete,  the  liquid  is  sepaJpated  from  the  sal-ammoniac  and  the 
unaltered  chlorine  compounds  distilled  off.  From  the  residue  the 
hydrochloride  of  the  base  having  the  compjsition  CjH^fNH^Cl)^ 
separates  out  in  needles,  and  this  is  obtained  in  the  form  of 
si  Ivor- white  needles  after  frequent  recrystallization  and  washing 
with  alcohol,  in  which  it  is  insoluble.  The  brown  mother-liquor 
is  distilled  with  caustic  potash,  and  the  first  distillate  treated 
with  hydrochloric  acid,  when  another  yield  of  the  hydrochlorate 
is  obtained.  The  later  fractions  contain  tlie  higher  diamines, 
tri amines,  &c. 

The  compound  obtained  by  distillation  with  caustic  pc^tash 
from  the  srdts  is  not  the  anhydrous  base  but  the  hytlrate 
CgH^CNH^g  -{-  HgO,  and  from  this  the  water  cannot  be  with- 
drawn even  by  barium  oxide,  and  it  boils  at  almost  the  same 
temperature  as  the  anhydrous  base.  Although  the  water  is  so 
intimately  combined,  the  compound  does  not  exist  in  the 
gaseous  form.  Glocz  found  the  specific  gravity  of  the  vapour 
to  be  1*427,  and  hence  he  cojicludcd  that  formyliac  which  he 
believed  to  be  contained  in  the  salts  had  the  formula  N(CH)H^. 

Anhydrous  ethylene  diamine  can  only  be  obtained  by  re[>eated 
distillation  of  the  hydrate  over  sodium.  It  is  a  thick  liquid 
having  a  faint  ammoniacal  smelh  and  a  burning  taste.     It  is 


stron'^ly  alkaline  and  easily  soluble  in  water, 
aud  has  a  vapour  density  of  2'07. 


It  boils  at  in 


Elhylaic  Diethyl  Diamine,  C^H^]  NH^C^H^>'  **   foj^^i^^d  not 


^  Bfr.  DeaUch.  Chem.  Ocs.  Iv,  606. 
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tmly  by  the  action  of  ethylamine  on  ethylene  bromide,  but  also 
by  tliat  of  ethyl  iodide  on  ethylene  diamine.  If  the  product  be 
I  distilted  with  water  and  Bilver  oxide,  aod  the  distillate  allowed 
H  to  evaporate  in  a  vacuum,  the  hydrate  N^C2H^(CjgHj)4H2  +  H^O 
is  obtained.  It  is  a  solid  mass  resembling  stearic  acid,  having 
an  ammoniacal  smell,  and  losing  water  in  contact  with  caustic 

^ baryta.     The  anhydrous  base  is  a  colourless  oily  liquid.^ 
,  J}kfkylai^  Diamlnr,  ^^iCM^)^^^^  is  a  liquid  boiling  at  170"* 
Srhich  unites  with  water  to  form  the  ciystalline  liydrate.     By 
I    the  action  of  ethyl  iodide,  the  hydriodide  of  didhjkne  dkthyl 
diamine,   ^fjiPg}i^\{Cfi^2^   is  formed.     The   free    base   boils 
at  185". 
Truihijlcne  Diamine,  ^^{0^^^)^  boils  at  about  21 0^  and  is 
easily  soluble. 
Di*!thtfkne  Triamine\  Ng(C2H^)^H^,  is  an  oily  liquid  soluble  in 
Water  and  boiling  about  2U8^     Treated  with  an  excess  of  hydro- 
chloric acid  it  yields  the  salt  Njj(C2Hj2H/J'l3,  which  crystallizes 
well  and  combines  with  piatiuum  chloride  to  form  the  compound 
[N3(C3Hj2Hy]/PtCi<j)3.  crystalUzing  in  golden    yellow  needles 
ivhich  decompose,  however,  on  recrystallization.^ 

Trkthykm  Triamint\  Ng^C^HJ^Hj,  boils  with  partial  decompo- 
H  sition  at  about  216''i  and  forms,  in  strongly  acid  solution,  well 
crystallizable  salts  containing  three  equivalents  of  acid.     Wien 
only  a  weak  acid  solution  is  used,  salts  are  formed  which  contain 
only  two  equivalents  of  acid,  and,  if  the  free  base  be  added  to 
this  solution,  salts  containing  a  still  smaller  quantity  are  formed. 
The  platinichloride   [^^(^2^4)  HJj  (PtCl^^a,  is  tolerably  soluble 
mwater^  and  crystallizes  in  long  goklen-ycdlow  needles.     Besides 
tlm,  another  compound,  [Nj{C2HjjjHj2  PtCl^,  is  known,  crystal- 
lizing in  large  prifims. 

Tri€ihyl€Jie  Tetramiju,  'Sji^CJrl^)^ll^,  is  a  thick  syrup.  Its 
platinum  compound,  N^(C^H^)3Hijj(PtCla)2,  is  a  pale  yellow 
amorphous  almost  insoluble  precipitate. 


'  Proc,  1^1/.  Soe.  x,  104  and  5&(J» 
*  Jb,  X.  ei9 ;  xi.  413. 
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Ethylene  Oxide  Bases.^ 

488  Ethylene  oxide  combines  with  aqueous  ammonia  wii 
evolution  of  heat,  when  the  following  bases  are  formed : 

OzyethylamiiiA. 

C,H,0    +   NH,   =    C,H,<gg« 

Diozyethylamine. 

NH,  NH, 

CgH^O    +   C,H;^  =   C,H, 

OH  O 

OH. 

Triozyethylamine. 

NH,  C,rif 


/ 
2  4  2^  ^ 

O  =   C^H, 


OH  C,H^ 

OH. 

These  bodies  remain  on  evaporation  as  syrupy  liquids  having 
a  strong  alkaline  reaction.  In  order  to  separate  them,  they  are 
neutralized  with  hydrochloric  acid,  evaporated,  and  the  residue 
exhausted  with  absolute  alcohol,  when  hydrochloride  of  tri- 
oxyethylamine  remains  behind.  The  solution  is  evaporated 
again  to  a  syrup,  and  from  this  the  salt  of  oxyethylamine  is 
allowed  gradually  to  crystallize  and  the  crystals  are  then  washed 
with  alcohol.  A  more  complete  separation  is  effected  by  means 
of  the  platinichlorides.  For  this  purpose  a  concentrated  solution 
of  platinum  chloride  is  added  to  the  alcoholic  solution,  when  the 
salt  of  dioxyethylamine  crystallizes  out.  Ether  is  then  added  to 
the  mother-liquor,  which  precipitates  some  more  of  this  salt, 

*  "Wurtz,  Camptes  Jiendtis,  xlix.  898  ;  liii.  338 ;  Ann,  Chcm.  Fharm.  cxiv.  51 ; 
zzL  226. 
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^•jntil  at  last  golden^yellow  scales  of  the  monoxyethylammoniura 
;^Iatiiiichloride  make  their  appearance.  By  deeomposing  these 
«:^mpounds  with  sulphuretted  hydrogen,  the  hydmehlorides  of  the 
^wo  bases  are  agaia  fornied.  These  are  formed  ti>gether  whea 
ethylene  chlorhydrin  is  heated  with  ammoaia  to  100"^, 

tThe  bases  are  obtained  from  the  hydrochlorides  by  decompo- 
tion  with  silver  oxide.  They  are  thick  strongly  alkaline  liquids 
hich  have  not  been  further  examined. 
Ojyethiflamnwmiim  Chloride,  C2H^(0H)NHaCl,  forms  small 
ystals  melting  at  100^ 
I>iootydkylammonium  Chloride,  (C2H^)20(OH)NHjjCl,  is  very 
easily  soluble  in  water  and  alcohol,  and  on  the  addition  of 
plAiinum  chloride  dcp>sits  the  platinichloride  [(C5jH^)90(OH) 
INHJjPtCl,!,  in  large  crystals  resembling  those  of  potassium 
clichromate. 

Trioxytthiftammomum  Cldoridt,  (C^H^)302(0H)NH3C1,   crys- 
tallizes from  water  in  large  rhombohedroas. 

When  trioxyethylamine  is  wanned  with  ethylene  oxide,  higher 
2M>ly(^€thylamin€$  are  formed,  their  basic  properties  decreasing 
Avith  increase  of  oxygen.  Tliey  have  not  been  separated  fi^m 
one  another,  as  neither  they  nor  their  stdts  cry.stallize. 

Ethylene  oxide  and  ethylene  chlorhydrin  combine  together 
^'ith  amines  to  fonn  oxy-bases  or  their  hydrochlorides.  Of 
these  the  follownig  compounds  have  the  greatest  interest. 

r48g  In  the  investigation  of  the  constituents  of  ox  and  swine*s 
Vile  Strecker  discovered  a  base  to  which  from  analysis  of  its  salts 
he  gave  the  formula  C^Hj^NO,  and  termed  it  ChoHur,^  (X^Mt 
We),  Liebreich  at  a  later  period  obtained  a  basic  compound  as 
a  decomposition-product  of  protagonj  a  body  possessing  a  eom- 
plicaied  constitution  and  formiug  the  chief  constituent  of  the 
materials  of  the  brain  and  nerves.  This  basic  substance  he 
termed  yeuriiu  [yevpov,  nerve),^  and  from  analysis  gave  to  it  the 
formula  C-H^jN.  The  same  compound  was  further  investigated 
byBneyer,  who  found  that  it  is  avi/cthi/l'(7'imcfhyl'iiniJaomuni  hy- 
droGcide,  UlC^U^mi)  (CHa)^!!  Hydriodic  acid  converts  it 
into   the  compound  N(C2H^I)  (CHa)^!,  and  this  when  treated 

1  jinn^  Chzm.  Pharm,  exxiii.  353.  '  lb,  t-xxxiv.  29. 
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with  silver  oxide  and  water  yields  the  viiiyl  hase,  N(G2H3)(CHj), 
OH,*  The  same  body  was  also  obtained  by  Ilofmaim  in  a 
simiUr  way  fjom  the  corresponding  bromine  compound,  which 
latter  compound  is  obtained  by  tlje  action  of  ethylene  bro- 
mide on  trimethjlamine.  Baeyer  then  suggested  that  neurine 
is  probably  identical  with  choline  as  well  as  wilh  sincalinei 
a  base  formerly  prepared  by  von  Babo  and  liirschbmnn  as  a 
product  of  decomposition  of  sinapin,  a  compound  occurring  in 
white  mustard-seeds  (sinapis  alba),^  The  truth  of  tlds  sug-  . 
gestion  was  soon  afterwards  proved  by  the  investigations  of  ^^ 
Dybkowski,*  and  of  Glaus  and  Keese.*  ™ 

Wurtz  then  prepared  the  base  synthetically.  He  obtained 
the  chloride  by  heating  ethylene  chlorhydrin  with  trimethylamine 
and  prepared  the  base  itself  by  bringing  a  concentrated  solution 
of  this  amine  together  with  ethylene  oxide^  and  allowing  the 
mixture  to  stand  for  a  day  :  * 


C^H.O  +  np  +  N(CH^}3  ^  N(C,H,.0H)(CH3)pH, 

Further  experiments  of  Liebreich  then  showed  that  the  oxyethyl 
base  is  only  fonned  wiien  an  alcoholic  or  ethereal  extract  of 
brain  is  used.  Pure  protagon  on  the  other  land  yields  on 
boiling  with  baryta-water,  the  vinyl  base  to  which  he  restricts 
the  name  of  neurine,  suggesting  that  the  oxethyl  base  should  be 
termed  Biluuurinc^ 

Choline,  BUinamnc,  or  Oxf/cthyl'trimeihifl-amfnonium  Hy- 
droxide, N(C2H^OH)(CH3)30H,  is  formed  as  a  decomposition- 
product  of  lecithin,  a  compound  which  will  be  deseribi'd  under 
Glycerin,  and  which  occurs  in  gall,  the  yolk  of  egg,  &c.  The 
best  method  for  prepnring  choline  is  accoixling  to  Diakonow^ 
to  extract  the  yolk  of  egg  repeatedly  with  ether  and  after- 
wards with  w^arm  alcohol  The  ether  and  alcohol  are  afterwards 
distilled  off,  the  residue  builed  for  an  hour  with  baryta  and 
the  excess  of  baryta  precipitated  with  carbon  dioxide,  and  the 
filtrate  evaporated.  The  residue  is  extracted  with  absolute 
alcohol,  and  the  solution  precipitated  with  iJatinum  chloride. 
The  precipitate  is  then  dissolved  in  water,  and  the  platinum 


I 

I 
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*  ^Tirt.  Chems  Pkarm,  cxl.  306 ;  cxlE,  322. 
»  It.  ]jcxxiir.  10. 

»  J  um.  PralU  Chem.  c.  151. 

*  Ih.  cii.  24. 

'  Ann.  Chan,  I^arm,  Suppl.  vl. 

*  Bcr.  DfiiUch.  Ch:m,  Qm.  \\.  12» 

'  6'Aefli.  Centralk  1S68,  140,  ItlB,  575. 
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tihrown  down  mth  sul  plni  retted  hydrogen.  By  th  e  action  of  silver 
oxide  on  the  choline  hydrochloride  thus  obtained^  a  strongly 
ofkaline  sohiiion  of  the  free  base  is  produced,  and  this,  on 
evaporation,  leniains  bcdiind  as  a  synjpy  liL[iiid* 

O^ethyl-tnmefhfUammonium  Chloride.  N(C,H,OH)  (CH3)3Cl 
Xitke  most  of  the  clioline  salts  this  is  a  deliquescent  substance, 
crrvstallizinsf  from  ahsoUite  alcohol  in  fine  needles.  The  pktini- 
<7lilor5de,[N(0,HpH)  (CH,)3];PtCI^,  crystaUizes  from  hot  water 
in  orange-yellow  rhombic  prisms  or  tables,  and  is  insohible  in 
alcohol-  The  aurichloride,  N(C,^H/3H)(CH^)3AuCl4,  is  preeipi- 
^ted  from  tlie  hot  saturated  aqueous  sohition  in  long  yellow 
prisms.  The  sulphate  is  amorphous  atid  very  soluble  in  water 
"but  scarcely  dissolves  in  absolute  alcohol.  The  carbonate  is  very 
deliquescent,  and  also  amorphous  ;  it  has  an  alkaline  reaction, 
mj%d  it^  aqueous  solution  is  not  precipitated  by  alcoliol.  The 
%odeihyl-(rim4^thi/l-ammontum  iodids,  NC2H4l(CH;j)^I,  has  already 
^been  mentioned.  It  crystallizes  from  alcohol  in  large  glistening 
imperfectly  formed  crystals  resembling  those  of  potassium  iodide. 
Choline  is  not  only  an  ammonium  hydroxide,  but  also 
an  a!cnl)oh  On  oxidation  it  is  converted  into  oxi/'rholint, 
N(CH^CO,H)  (CH3),0H,  a  body  which  wilt  be  described  under 
the  glycol  eom]x>unds. 

Nf urine,  or  VinyUirimdhyt -ammonium  Hydroxide.  ^{C^^ 
(CHjj)30H.  This,  as  hiis  been  mentioned,  was  first  discovered 
by  Hofmann,^  Tlie  free  base  is  only  known  in  aqueous  solu- 
tion, and  has  a  stronq:ly  alkaline  reaction.  The  platinichloride, 
[N(CjHJ(CH3^3],PtC\,  is  easily  soluble  in  water,  and  crystallizes 
in  yellow  octohedrons,  or  in  five-aided  tables  which  soon  become 
ojiaque,  and  then  on  solution  in  water  leave  a  residue,  whilst 
choline  platinichloride  remains  in  solution  (Liebreich), 


PHOSPHORUS  BASES  OF  ETHYLENE. 

490  Tlie  tertiary  phosphines  of  the  monad  radicals  act  readily 
OQ  ethylene  bromide,  giving  rise  to  two  series  of  compotiuds,  the 
relative  quantities  of  which  depend  upon  the  proportions  hi 
which  the   bodies  are  mixed.     The  compounds  obtained  from 


'  Ann.  Chim,  Ph^M,  [3],  liy,  356, 
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With  this^i- 


4 


I 


trictbvl-phospliine   will  here   only  be  deaoribeA 
ethylene  bromide  yieids  the  following  bodies:^ 

P(aH,)3  +  C.H.Br,  =  P(0,H,Br)(an5),Br. 
2P(C,H,)3  +  C,H,Br,  =  P,(C,HJ(C,H,).Br^ 

Bromdkyl' incthijl-pkcispkoniimi Bromide,  P(C2H^Br) (C^ii^^^rj^ 
is  formed  by  beating  an  ethereal  solutioo  of  triethyl  phosphiu^ 
witli  excess  of  ethylene  bromide,  Tlie  product,  which  also  con- 
tains the  above-mentioned  di bromide,  is  washed  with  ether,  and 
cnrstalhzed  from  absolute  alcohol  It  is  soluble  in  water  and 
alcohol,  and  crystallizes  in  rlionibic  dodecahedrons.  When  its 
solution  m  treated  with  silver  chloride,  and  platinum  chloride 
added  to  the  hot  filtrate,  lung  orange-yellow  prisms  of  the 
conxpound  [P(C,^ll^Vii)[C^H^)^l,VtC]Q  are  deposited. 

OH,  is  obtiiioed  by  boiling  the  bromide  solution  with  silver 
oxide.  The  strongly  alkaline  solution  dried  over  sul- 
phuric  acid  yields  a  syrup.  The  base  yields  with  acids  well 
crystallizable  salts.  Tire  hydroxide  decomposes,  on  heating,  into 
ethylene,  water,  and  triethylpbospliiije.  When  treated  with 
phosphorus  peutachloride,  the  crystalline  compound,  chlorelhyl" 
iricthyl-phosphAjnium  chloride,  l!^(C^}:lfi[){C^B.^%C\,  is  formed, 

Vinyl4ritihi/l-phmphoniuiti  Compounds,  When  bromethyl- 
triethyl-pljosphonium  bromide  is  boiled  with  water  and  silver 
acetate,  and  the  silver  bromide  filtered  off,  and  platinum  chloritle 
added  to  the  concentrated  solution,  octohedrons  of  the  vinyl  salt, 
[P(C2H,)(C,H,}3]  J*tCl^,  are  deposited. 

Mthjhnt' hc^rethijl-phosphcmium  Dihromide, VJ^JijC^H^^^T^, is 
contained  in  the  mother- liquor  of  the  above  nionobromide. 
It  is  best  obtained  in  the  pure  state  by  heating  ethylene  bromiide 
with  an  excess  of  triethylphosphine.  It  crystallizes  in  white 
needles.  Treated  with  silver  oxide  and  water  it  yields  a  strongly 
alkaline  hydroxide  having  a  bitter  taste,  and  drying  in  a  vacuum 
to  a  syrupy  mass.  Its  salts  crystallize  well  The  chloride  is 
very  soluble  in  water,  and  crystallizes  in  large  tables.  The 
iodide  is  difficultly  soluble  in  cold  water,  and  sefmrates  fronx 
hot  solution  in  fine  white  rhombic  needles.  As  it  crystallizes  so 
easily,  and  thurcfore  can  be  easily  obtained  pure,  this  salt  is  well 
auited  for  the  prepamtion  of  other  diphosphonium  compounds. 
The  platinichloride  is  almost  insoluble  in  water,  and  separates 
from  hot  hydrochloric  acid  in  monoclinic  crystals. 

^  ^rac.  Hoy.  Soc  x  100;  Ann,  Ckem.  Pharm,  Suppl.  L  151, 


ARSEKIC  BASES  OF  ETHYLENE. 


67 


ARSENIC  BASES  OF  ETHYLENE. 

491  These  compounds  are  closely  allied  to  tlie  foregoing 
pbosphoras  bases. 

Bromtthyl'tridhyUarmnium  Bromide^  A8(CgH^Br)  (C^H J^Br, 
U  formed  by  heating  ethylene  bronii<le  with  triethylarsine»  It 
crystallizes  from  hot  water  inrlionibic  dodecahedrons,  and  yields 
a  finely  crystalline  platinichloride.  By  w^arming  the  monobronilde 
with  water  and  silver  oxide  a  strongly  alkaline  solution  of  vinyU 
Iriethtjl'armmum  hydroxide,  Xs^[Q^Vi^{Q^^fillt  is  obtained. 
The  pliitiniddoride  of  this  body  crystallizes  in  fine  octohedrons, 

Etkylenc'hcxtihyl'arsonium  Bibnmiide,  A%(\'H^(C^YI^)qBt^,  is 
obtained  when  the  above  monobromide  is  heated  with  triethyl- 
arsine  to  150^  It  is  converted  by  silver  oxide  and  water  into  the 
Lydroxide,  the  salts  of  which  crystallize  well.^ 

Hofmann  has  obtained,  besides  these,  a  large  number  of  raixed 
ethylene  bases  containing  nitrogen  and  phosphorus,  nitrogen  and 
arsenic,  or  phosphorus  and  arsenic.  These  bodies  are  very 
similar  in  their  properties  to  those  already  described.- 


ETHIDENE  OR  ETHYLIDENE  COMPOUNDS. ' 

492  T\iQ  Ttuliciilethidcm  or  clhyiideTie  does  not  exist  in  the  free 
state.  The  oxide  has  already  been  described  as  acetaldehyde, 
CHj.CHO,  and  it  has  been  stated  that  the  corresiwnding  alcohol 
or  ethidene  glycol  is  not  known,  but  that  it  probably  exists  in 
aqueous  solution  (p.  13)*  Trich  lure  tin  dene  glycol,  or  chloral 
hydnxte,  is,  however,  known,  together  with  a  number  of  other 
etliidene  and  trichlorethidene  compounds  which  are  hereafter 
described. 

Ethidene  Dutliyl  EtJur,  or  Acdal  QW^.Q^RiOQMf,)^'  ^^  ®^- 
amining  the  products  of  the  slow  curabustion  of  alcohol  over 
platinum-black  Dobereiner  found,  amongst  other  protlucts,  a 
liquid  to  which  he  gave  the  nan»e  of  heavy  oxygen  ether. 
This  was  afterwards  investigated  in  18^3  by  Liebig,  who  tenucd 
it  acdaL^  Stas  then  found  that  the  same  substance  is  formed  when 
chlorine  nets  upon  alcohol,  and  he  it  was  who  first  gave  to  this 

*  Fofmann,  Proc,  JSoy.  Soc  xi.  62 ;  Ann.  Clitm,  Pharm,  SiippL  i.  306. 
'  lif.  i,  2S9.  '  Ann.  Pharm,  r.  25 ;  ^sir.  156. 
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body  its  correct  formula.^     Its  constitution  was  determined  W  ^ 
Wurtz  and  FrapoIlL     They  oLtained  it  by  treating  aldehyde  wit-^^ 
phosphorus  pentabromide,  and  by  then  acting  upon  the  product:::^^^ 
which    according   to  their  views    (p.    72)   contamed    ethiden^^^^ 
bromide,  with  stKlium  ethylate.* 

It  is  also  formed  by  heating  alcohol  with  aldehyde  : ' 

CH^CHO  +  2H0.C,H,  =  CH,,CH(OC,HJ,  +  H,0. 

This  reaction  takes  place  slowly  in  the  culd,  and  hence  acetol 
forms  one  of  the  constituents  of  crude  spirit  and  is  contained 
in  the  faints  obtained  in  the  process  of  rectification  *  (Part  L 
p*  295).    Accordiog  to  Dobereiner  it  is  also  contained  in  old  wine. 

In  order  to  prepare  acetal,  a  mixture  of  two  parts  of  alcohol, 
three  parts  of  manganese  dioxide,  two  parts  of  water,  and  three 
parts  of  sulphuric  acid  is  distilled  in  a  capacious  flask  until  three 
parts  have   passed   over,  the  distillat-e  dried  over  chloride  oC 
calcium  ami  rectified,  and  the  pfjrtion  boiling  above  60*^  collected  ; 
this  is  again  dried  aud  then  further  rectified.     On  heating  with. 
strong  caustic  potash,  the  aldehyde  and  ethyl  acetate,  which  it  i» 
difficult  to  separate  from  the  acetal,  are  destroyed ;  then  the 
wliole  is  treated  with  fused  calcium  chloride,  and  lastly  purified 
by  fractional  distillation.* 

Acetal  is  a  mobile  liquid  having  a  pleasant  fresh  smell  and  a 
nutty  after-taste.  It  boils  between  104"*  and  lOCi",  and  has  at 
22***4  a  specific  gravity  of  0'82L  It  is  easily  converted  into 
aldehyd<3  and  acetic  arid  by  means  of  oxidizing  agents.  \Vlien 
heated  with  acetic  acid  it  is  converted  into  ethyl  acetate  and 
aldehyde.^ 

Chlorine  gives  substitution -products  similar  to  those  which 
are  obtained  by  the  action  of  chlorine  upon  alcohuh 

493  Monochlm^acetai,  C}I.JJLCH(OCJi^\j  is  not  obtained  pinre 
in  this  way,  as  the  substitution  easily  goes  further.  It  is  best 
prepared  by  treating  dicldorGther  (Part  I.  p.  330)  with  sodium 
ethylatG  or  absolute  alcohol ; 

CHjClCHCLOC^Ha  +  NaOCgHg  =  Ca,CLCH(0C,Hj5  +  NaCl. 


1  Jnn,    Chirn.  Pkjfx.  P],  xix,  Ud. 

^  Covfptcs  Rnuhi^,  xlvii.  4 IS;  A^m.  Chem.  Phafm,  cviii,  22S. 

'  GeiithiT  mid  AlKberfc,  i"^'.  cxxvi.  62, 

*  Knimeratid  Finijer,  Ber,  Ikutsch,  Uhtm,  OfJt,  ii.  -tO], 

*  Wurtx,  Jnn.  Chrm    Phnrm.Q.  lltS;  Jnn,  Chim.  Phi/i,  pl  xlviiL  870» 

*  B«U*lem  uud  llofiicktr,  Ann.  Cfitm,  Fkarm.  cxiL  289. 


ACETAL  AND  ITS  DEHTVATTVES. 


6d 


Monocbloracetal  is  a  pleasantly-sniening  liquid  boiling  at 
Se'S,  and  having  a  specific  gravity  of  I'O+IS  at  0°.^  When 
eated  with  sodium  the  foUowing  reaction  takea  place  : 


OCA 


H,Cl.CH         +  2Na  =  CHj- CH.OCjHb  +  NaOCjH^  +  NaCI. 


"OC.H, 


kVinyl'dhyl  ether  tlius  obtained  is  a  mobile  liqiiid  boiling  at 
5''5,  poasessing  a  pticuliar  ethereal  smell,  and  liaving  at  14^*5 
Wk   specific   gravity   of  07023.     It  unites  with  chlorine  again 
b^o   form  dichlorether,  and   it  is  decomposed  by  the  action  of 
^Bilute  sulphuric  acid  into  alcohol  and  aldehyde.^ 

Dichloraceialt  C'^GU.QlS.[OQ^Yi^^,  is  formed  easily,  together 
^Mrith  trichloracetal,  by  the  action  of  chlorine  iip^n  alcohol 
^■Liebeu)  and  acetal.^  It  is  an  aromatic-smelling,  oi!y  liquid, 
^KoiliQg  at  183'— 184°,  and  ha\nng  at  14**  a  specific  gravity  of 
^^*1383*     When  heated  with  sulphuric  acid  it  forms  diehloracet- 

I aldehyde,  CHCJ2.C0H,  a  heavy,  mobile  liquid,  boiling  at  SS''^ 
•0*,  and  converted  into  acetylene  tetrachloride  by  the  action  of 
bhosphorus  pentaehloride,* 
F    Trichloracetal  will  be  described  further  on. 

Monobromctceial,  CH2Br,CH(OC.^Hj2»  is  formed  by  the  action 
of  bromine  upon  acetal.  It  is  a  heavy  not  unpleas-antly-smelling 
liquid  bulling  at  170'  with  partial  decomposition.^ 

The  above  named  vinyl-ethyl  ether  combines  with  bromine  to 
tforra  the  dibrom-ether  which  decomposes  on  heating  and  which 
l^'hen  heated  with  sodium  ethylate  yields  monobroraacetal. 

By  heating  with  alcoholic  potiah  it  is  converted  into  Ht/drcm/- 

lac4:t(d,  CH^,0'R.C}l{OC.JI^)^,  a  pleasantly-smelling  liquid  boiling 

at  1G7".  The  ethyl  ether,CH.(OC,H5)CH(OC2H5)-  corresponding 

to  thLs  alcohol,  is  formed  when  brom acetal  is  Ii eated  with  sodium 

[ethylate,  and  is  a  liquid  boiling  at  164**,  and  having  an  ethereal 

I'tmell  (Pinner), 

Ethidrju-dhijkjit  Dioxide^  (C^^f}^,  is  formed,  according  to 
z,  v^hen  aldehyde  is  heated  for  several  weeks  with  glycol  to 


^  lieben,  Ann,   Chem>^  Pharm    eiv.  \\\\  cxlvL  193  \  Patera6  and  M(vZ2am» 
■  Bff.  Itmim-h.  CheiP^  Oes,  vi.  1202 ;  Klien,  Jahresh.  1876,  33<J. 

*  Wisiicenns,  Ann.  Chem.  Pkartn,  cxcii,  lOG, 

*  Pintipr.  ih,  i-lxxix.  30;  Krey,  Jajtrc^b,  187*?,  474. 

*  Pfttem6,  CmtipUs  Hendiis,  Uvii.  456. 

*  Pumer,  Liehitfa  Ann.  cLxxix,  33 ;  Krcy,  Jahrcsb,  IS7G,  474, 
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CH^.OH  CHj.O\ 

I  +  CHO.CH,  -  I  CH,CH,  +  H»0. 

CH^^OH  CH,.0/ 

It  is  a  pungent  but  not  unpleasantly-smelling  liquid,  boiling  at 
82***5,  and  at  0''  having  a  specific  gravity  of  10002,  whilst  that 
of  the  vapour  is  3*1  Oa' 

Mhidem    Methjl-cthyl     Eflier,      or      Mdhyl-cthyl      Acetal, 

J  or*  FT 
^ .  Ork  *'  ^^^  obtained  by  Wurtz  by  oxidizing  a  mixture 

of  alcohol  and  wocKl-spirit  with  manganese  dioxide  and  sulplmrie 
acid.  It  is  a  li([uid  snieiling  likecanimon  acetal^  boiling  at  85*", 
and  haviog  a  specific  gravity  at  0°  of  0  8535, 

Etkidaie  Dimethyl  Ethrr^ or  Dimethyl  Aicial,  CH^,CH(0CH3)2, 
is  formed  together  with  the  foregoing  compound.  It  has  a  strong 
ethereal  smell,  boils  abont  G5^,  and  at  0"*  has  a  specific  gravity  of 
0'8556.     Dancer  found  this  compound  in  crude  wood-spirit.* 


ETHEREAL   SALTS  AND   ETHERS  OF 
ETHIDENE. 


494  Etkidene  BuMcfride,  or  Bichlordhanc,  CH^.CHClj,  was 
first  prepared  by  Eegnault  by  acting  with  chlorine  upon  etliyl 
chloride,^  By  treating  aldehyde  with  phosphorus  pentachloride 
both  Geuther  ^  and  Wui  tz  ^  obtained  a  compound  liaving 
the  same  composition  but  belie%^ed  to  be  a  body  di  fife  ring  from 
Regnault's  ^Iher  hydroMimfue  inanochktr^e,  until  Beilstein^ 
showed  that  the  two  are  in  reality  identical.  Ethidene  chloride 
is  also  formed  by  the  action  of  phosphorus  chloride  oo 
paraldohydeJ 

For  the  purpose  of  preparing  it  from  ethy!  chloride,  the 
vapour  of  this  substance  is  passed,  mixed  with  chlorine,  over 
animal  charcoal  heated  to  250"— 400°.*  It  is  still  more  simply 
obtained  by  fractional  distillation  from  the  by-products  of  the 
chloral-manufacture.* 

Ethidene  chloride  is  an  ethereal -smelling  liquid  having  a  sweet 
and   biting  taste.     It  boils  at  59'''9,  and  at  0'  has  a  specific 

1  Compks  J^nrfiM,  liii.  378 ;  Jnn,  Cheni,  Pharm,  rxx,  328, 

5  Chem,  Siic,  Jmtm,  xviL  222,  *  Ann,  Chhn,  Phya,  [S]»  IxxL  858, 

•  Ann.  Cfiem,  Ph^rm,  cf.  S2L  »  Cfy^npi,  Jknd.  xlv,  1013. 

•  Ann.  Chan,  Pharm.  cxiii.  110.  ?  GouUier,  Ziiitsch,  Ckcm^  1865,  24. 

•  Dammseau,  PulL  Soc.  Chim,  xxv,  113. 

•  Erajner,  Ber.  IfeuUch,  Chtni,  G'c8,  iii.  257. 
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gravity  of  1"2044  (Thorpe).  It  ia  a  very  stable  compound,  and 
may  be  distiHeil  without  alteration  over  potassium.  Heated 
with  sodium  to  20(f  chlorethylene,  acetylene,  ethane  and  ethylene 
are  formed.^  It  is  attacked  by  alcoholic  potash  with  difficulty. 
Healed  with  Radium  ethylate,  it  forras  chlorethylene,  CgHgCl, 
and  a  little  acetal.  By  the  further  action  of  chlorine  it  yields 
fiist  triehhreihaTie  or  dicMoreihyl  chloride,  CH3CCI;,,  and  mowo- 
ekhrtihplem  dkldoruk,  CH^Cl.CIIC]^  (p.  41}.»  The  first  of 
these  is  a  body  resembling  ethidene  dichloride,  boiling  at  T^""*^ 
and  having  at  0"*  a  specific  gravity  of  l'34ti5.  It  is  attacked  by 
alcoholic  potash  only  with  difficulty  on  heating  with  formation  of 
potassivim  chloride  and  potassium  acetate : 


CH, 


t 


Cl, 


+  4K0H  = 


=  1 
CO.OK 


+  3KC1  +  2H,0. 


^^^Eher    chlorine   substitution-products    of  these    bodies   have 

^^^fceady  been  described  (p.  42). 

Ethidcne  Dibromidc,  CHjjX'HBrj,  was  prepared  by  Hofmann  ^ 

by  beating  ethyl  bromide  with  bromine,  and  afterwards  examined 

by  Caventon,^  Reboul,^  and  Tawildarow.^ 

It  is  formed  also  by  the  action  of  phosphorus  broraochloride, 

PBvjCljp  on  aldehyde/  as  well  as  by  heating  monobrom ethylene 

with  hydrobroniic  acid  (Reboul).     It  ia  a  liquid  w^hich  boils  at 

lIO^  and  at  lO""  has  a  specific  gravity  of  2'12(>* 

iH         JEtkiden^  jD-i-iodidr^  CH^.CHL,  is  formed,  according  to  Gus- 

P     tavson,  when   ethidene  chloride   ia   heated  with  a  sohition  of 

I         aluminium  io<!idc  in  carbon  disulphide.     It  is  a  liquid  bniling 

t         with  decomposition  at  177^ — 17£)^  and  having  a  specific  gravity 

of  2-84  at  0\^ 

(  CI 
Ethidem    Chlm^dhylate,   CH^.CH  ^J  ^p  ^r ,  w^as  obtained  by 

Wurtz  and  Frapolli  by  passing  a  current  of  hydrochloric  acid 

into  a  mixture  of  aldehyde  and  absolute  alcohol    This  compound 

,  ria  identical  with  monnchlorcther  and  by  treatment  with  sodium 

eChylate  is  converted  into  acetal, 

495  Eihid^rte  Oxtjchlo^ridt,   (CHj,.CHCl)jjO,     This  compound, 


'  ToUenit  Ann,  Chfm.  Pharm,  cxxxvii,  311.  *  Slfitlel,  ik  cxcr,  183. 

»  J^r^,  JUyy.  Soc.  1.  019.  *  CompL  Jitjid.  Ml  1330, 

*  IK  iix,  39S.  •  Ann.  C%!m,  Pkann,  cIjcxtL  12* 
^  )'^t«nid  itfi<l  Pijati,  Btf,  JkuUeh,  Chem,  Ges,  ▼.  289. 

•  IB,  Tii.  731. 

169 


72 


THE  ETHtDENE  COMPOUNDS. 


metameric  with  dicblorether,  was  obtained  by  Lieben,^  by  the 
actioD  of  hydrocliloric  acid  on  well-cooled  aldehyde.     According 
to  Geuther  and  Cartniell,^  the  compound  C^HjX'UOa  is  first  ^    , 
produced,  and  this  may  be  considered  to  be  paraldcliyde  in  which  fl 
one   atom   of   oxygen  is  replaced  by  two  of  chlorine,  and  the  ^ 
following  reliction  taking  place  : 


3CH,.CH0  4-  2HC1  -  CH3.CH 


OCHCICH3 
/ 


+  H,0^ 


OCHCI.CH3 

This  body  decomposes  on  distillation  into  aldehyde  and  ethidene 
oxychloride ; 


OCHCICH3 

CH,.CH 
\ 
OCHCLCH^ 


-  CH3.CHO  +  O 


CHClCHa 


CHCI.CH3. 


Ethidene   oxychloride  is  a  liquid  boiling  at  116^ — 117*,  and 

having  at  12*"  a  specific  gravity  of  l'L37G.      When  heated  with 

water  it  decomposes  into  hydrochloric  acid  and  aldehyde,  and  by 

the  action  of  zinc-ethyl  it  is  converted  into  secondary  butyl 

oxide.* 

f  CI 
Hthidtm    CMoraceiin,   CH3.CH  <  ^  ^q  ^^t  ,  was  obtained  by 

Wurtz,  together  with  acetyl  chloride,  by  the   action  of  chlorine 

upon  aldeliyde.'*    ^Maxwell-Simpson  prepared  it  also  by   heat« 

ing  aldehyde  with  acetyl  chloride.^      It  is  a  liquid  boiling  at 

120**— 124**,  having  an  aromatic  smell,  is  lighter  than  water  and 

only  slowly  decomposed  by  this  liquid.      It  dissolves  in  dilute 

caustic  potash  with  formation  of  aldehyde,  potassium  acetate  and 

potassium  chloride. 

f  Br 
Mhidene  Bromacctin,  CHg.CH  -J  q  noCH  *  ^^®  ^^^^  prepared 

by  Wurtz  and  Frapolli  by  treating  aldehyde  with  phosphorus 
pentabromide,  and  was  considered  to  be  ethidene  bromide  until 
Tawildarow  pointed  out  its  true  constitution,  inasmuch  as  he 
obtained  it  by  heating  aldehyde  with  acetyl  bromide.®  It  ia 
formed  according  to  the  equation : 


I 


*  Ann,  Ohtin.  pharm.  cvL  835, 

•  Kessel,  Ann,  Chem,  Phann.  clxxv,  44. 

*  Ann,  Chim.  Phyi.  [3J  xlix.  58. 

•  Ann.  Chetft,  Pliantu  clxxvl  12, 


«  Ih,  cxii.  13. 

•  Phih  Afflff.  {41  iTiL  I9tk 
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I 


2COH.CH3  +  PBr,  =  0  -[  J;2b5;H   +  ^'^'  +  ^^"3- 

t  boils  between  125"  and  145^  with  partial  decomposition. 
Ethiikne  Diac^Uite^  CH^,Q>E.{OC.^fi)^,  is  furnicd  by  heating 
nldehyde  with  acetic  anhydride/  to  180^  and  when  alcoholic 
solutions  of  potassium  acetate  and  eh  Joracetin  aro  raixed  together.^ 
It  is  a  liquid  having  a  peculiar  smell  resembling  oniotis,  and 
"boils  at  1G8*'8,  whilst  its  specific  grayity  at  12'  is  1*061,  It  is 
only  slowly  decomposed  by  water ;  caustic  potash  decomposes  it 
into  aldehyde  and  acetic  acid. 


Ethidene  SiTLPmTE  Compounds. 


496  In  the  year  1853  Bertagnini  made  the  observation  that 
Icnz-aldehyde  unites  with  the  acid  sulphites  of  the  alkali-metals 
to  form  cijstalline  difficultly-soluble  compounds,  and  that  the 
other  aldehydes  do  the  same.*  Later  on  Liraprielit  found  that 
many  ketones  yield  similar  compounds/  and  as  these  bodies  are 
easily  decomposed  by  acids  or  alkalis  with  separation  of  the 
aldehyde  or  ketone,  they  are  often  employed  for  the  purification 
of  the  latter  bodies. 

It  remained  doubtful  w^hether  common  aldehyde  yielded  such 
compounds,  until  Bunte  showed  in  1M73  that  they  exist,  and  gave 
to  thtsm  the  name  of  aldehyde  su!phurous  acid  salts.^  These  are 
distingnished  from  those  of  the  aldehydes  having  a  higher  mole- 
cular weight,  inasmuch  as  they  are  very  soluble  in  water,  and  as 
they  decompose  at  100'  tliey  can  only  be  obtained  by  slow 
evaporation  over  sulphuric  acid  in  an  exsiccator.  They  may  be 
looked  upon  as  the  salts  of  ethidene  sulphurous  acid. 

PotaMium  Ethidene  SulphUe,C}l^.ClS.<  ^y^^^^  ^      Wlienalde- 

»de  is  added  to  a  concentrated  solution  of  hydrogen  potassium 
sulphite  a  combination  takes  place  with  considerable  evolution 
of   heat.     The   salt  crystallizes  in  hard  microscopic   radiating 

needles.      Sodium   Etkidiiu  Sidjyhilc,   ^^^^Q^r\^.  +11^0, 

Cfjnstallizies  from  water  in  fine   laminae  having  a  fatty  lustre, 
and  is  precipitated  by  alcohol  in  the  fi^rm  of  glistening  needles. 

*  Gcnther,  Ann^  Ch^m.  Pharvi,  cH  249, 

«  K.  Si'hiir,  Bcr.  Dcufsch.  Vhcm.  Ot^,  ix  304. 

*  Ann,  Vhem,   i'Aor/i*.  Ixxjtv.  179»  268. 

*  ib.  xtsiii  238*  »  /*.  dix.  805, 
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Tlie  ammonium  salt  appears  only  to  exist  ia  aqueous  solu- 
tion. Oil  eva|joratioTi,  small  needles  are  obtained  having  the 
formula  C^HyNO^S;  these  are,  therefore,   probably  the  amule 

CH3.CH  <  ,^  qQ  T^TT  .     The  same  compound  was  also  formerly 

obtained  by  Petersen  by  the  action  of  sulphur  dioxide  oa 
deliquesced  aldeliyde-ammonia,  * 


COMPOUNDS  OF  ETHIDENE  WITH   NITROGEN 


497  EtkidcntHydramim,  CHg.CH-J  ^t^  .  This  compound 


wa^" 


first  observed  by  Duberciner,  but  iuvestigated  more  closely  by 
Liebig,  who  termed  it akh'Iit/dc-ainnumia  (Vol.  Ill*  Part  I.  p.  47(j)» 
When  an  ethereal  eolution  of  aldehyde  is  saturated  with 
ammonia,  crystals  of  this  compound  are  deposited.  These  have 
an  alkaline  reaction,  and  are  so!ub!e  in  all  proi>ortion3  iu 
water;  they  are  also  very  soluble  iu  alcohol  but  dissolve  only 
slightly  in  ether.  Wlien  ether  is  added  to  the  alcoholic  sokt- 
tiou  and  this  alluwed  to  stand,  transparent  hard  glassy  rhom- 
bohedrons  are  deposited.  These  melt  at  70° — SO"*,  and  may 
be  distilled  at  100''.  The  specific  gravity  of  the  vapour  at 
IGO'  has  been  found  to  be  SO  36,*  compared  with  hydrogen 
as  unity.  Above  ISo"  decomposition  begins.  Dilute  acids 
decompose  it  with  liberation  of  aldehyde.  It  is  therefore  much 
more  unstable  than  its  isomcride  oxyethylamine  (p.  62).  It 
p:)ssesses  a  peculiar  ammoniacal  yet  turpentine-like  smell,  and 
it  is  decomposed  in  contact  with  air,  es|>ecially  in  presence  of 
light,  becoming  first  yellow,  tlien  bruwn,  and  after  a  time  deli- 
quescing. On  heating  it  evolves  a  smell  like  that  of  burning 
animal  niatter.  On  passing  su^hur  dioxide  into  its  aqueous 
solution  Iledtenbacher^  obtamed  small  needles  of  the  compound 
Cgll^NOjjS,  which  is  isomeric  with  taurine,  and  with  the  above 
named  ethidene  sulpbamide.  This  body  is  much  more  easily 
soluble  in  water  tlian  the  List  conip<niud,  and  much  less  stable. 
It  decomposes  when  heated  to  100''  (Bunte),  and  on  recrystalliza- 


*  Ann.  Chem.  Pharm.  c«,  817, 

'  St'!iro«ltr.  Br,  Iku*SL'k  Cfhcm,  Gts,  Iv,  iTO, 

*  Ann.  Cftcm,  Phann.  Ixv,  40, 
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tioD.      Its  coostitutiou  is  probably  represented  by  one  of  the 
ibllowing  formula! : 


CHj.CH^  ^.jjgQjj^ 


ch,.ch{5-^so. 


I 
I 


Ethidme  Imido-SUttr  Nitrate,  2(CH3  CH.NH^^AgNOj  +  H^, 
uras  first  prepared  by  Liebig,'  and  its  com  position  was  ascertained 
ly  LiebermaDD  and  Goldsrhmitlt,-  aud  by  Mixter.*  It  15  obtained 
■when  an  ammoniacal  alcoholic  solution  of  aldehyde  is  precipi- 
tated by  silver  nitrate.  The  crystalline  precipitate  is  not  very 
soluble  in  water,  and  deposits  a  metallic  mirror  on  boiling*  If 
this  compound  be  dissolved  in  ammonia  and  allowed  to  evaporate 
in  a  vacuum  over  sulphuric  acid,  it  separates  in  monoclinic 
crystals. 

Silver  sulphate  gives  a  variety  of  crystalline  compounds  with 
aldeliyde-araniouia.* 

An  alcoholic  solution  of  aldehyde-ammonia  undergoea  altera- 
tion when  allowed  to  stand  for  some  time,  and  this  takes  place 
quickly  on  heating,  a  serie:'*  of  bodies  being  formed  to  which 
the  name  of  aldthydc  louts  or  aidincs  has  been  given,  and  of 
"which  the  folluwiug  have  been  described  : 

Hydracetamide,  C^^Hj^Ng. 
0  ly  trialdine,       C^  H  j  ^  N  O. 

Oxytetraldine,     C^H^^NO, 
Oxypcntaldine,    Cj^jHi^NO, 

These  bodies  are  amorphous,  and  form  salts  of  which  only  a  few 
are  characteristic.^ 

498  27imldini\  C^Hj3NS2,  was  discovered  in  1847  by  Wohler 
and  Liebig.who  obtained  it  by  the  action  of  sulphuretted  tiydrogen 
on  an  aqueous  solution  of  aldeliyde-animonia.^  It  cr}^stallize8 
from  ether  containing  alcohol  in  large  highly -refracting  mono- 
clinic  prisms  (Ranimolsbcrg)  melting  at  43*,  and  having  a 
peculiar  aromatic  smell,  which  after  a  time  becomes  unpleasant. 
It  volatilizes  slightly  at  the  ordinary  temperature,  and  is 
readily  volatile  in  aqueous  vapour.  When  heated  by  itself  it 
iiodergoea  decomposition.     It   is  a   mooacid   base.      Its   salts 

>  Ann,  Pharm.  x\v.  11«. 

•  Ber,  IhitUtk,  Chem.  f/at.  x.  2179  ;  xl  1198. 

•  SiJi*in.  Jmrr.Journ.  (H),  xiv.  ll>5. 
<  Mixr.fr*  ib.  [3],  xvii,  427. 

•  Schiir,  .-inn.  C/t^m,  Pfutrm,  Stippl,  vi,  1  ;  Von  Babo,  Jcmnt,  PrttM^  Chem. 
Itxii.  Sd;  Hfititz  nn^l  Wislicernis,  /%</.  Ann,  cv.  577. 

•  Ann.  Cheni.  Fhanik,  lix.  296. 
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crj'stallize  well,  and  have  been  investigated  by  Woliler  and 
Liebig/  as  well  as  by  Bnisewitz  and  Catlianden* 

Iliikyl'lhiahliue  Iff/drladifk,  CjjHjgCC  1^3)^85, HI,  is  a  crystal- 
line  body  obtained  by  the  action  of  methyl  iodide  on  thialdine. 
It  is  slightly  soluble  in  water,  and  dissolves  more  readily  in 
alcohol.^ 

Thialdine  has  probably  the  following  constitution  : 

CH3 

CH 

s     s 

I    I 

CH3— CH  CH— CH, 


Seknaldhte^t   C^H^^NSoj,  is  obtained  by  the  action  of  selen- 

iurettcd  bvdrogen  on  a  solution  of  aldehyde-ammonia.  It 
furms  small  crystals,  and  the  solution  gradually  decomposes  on 
exposure  (Wohler  and  Liebig). 

Carhoihiakline      or      Didhideyic-ammorfiium      TMocarhamaU, 

CS^  QAj/^pTTriTT  \  <  separates  out  in  glistening  white   crystals 

on  evaporating  sulphide  of  carbon  with  an  alcoholic  solu- 
tion of  aldehyde-ammonia.  Tliese  are  difficultly  soluble  in 
alcohol,  and  scarcely  soluble  in  water.*  It  is  also  formed  by  the 
action  of  aldeliyde-ammonia  on  ammonium  thiocarhaniate,^  It 
acts  as  a  weak  ba^se.  Its  solution  in  hydrochloric  acid  c^ly 
decomposes,  with  formation  of  sal-ammoniac,  aldehyde,  and 
carbon  disulplnde.  If  its  solution  be  treated  with  ferric  chloride, 
ferric  thiwyauate  is  fonnod  slowly  in  the  cold  but  quickly  on 
warming.  If,  however,  hydrochloric  acid  be  present^  then  not 
only  ferrous  chloride  ami  aldehyde  are  fornied,  but  a  white 
crystalline  powder  is  thrown  down,  having  the  conjposition 
S/CS.NHg)^,^  This  is  identical  with  the  compound  discovered 
by  Zeise,  and  termed  hydranzoihin^  obtained  by  him  by  acting 
upon  aramonium  thiocyauate  with  chlorine  water  or  a  mixture  of 
hydrochloric  acid  and  ferric  chloride.^ 


•  Ann.  Chem.  Pharm.  Ixi.  1»  *  Joum. 

•  Hofiiiamt,  Jnn,  Ch^m,   Pharm.  riii.  &3. 

•  Lifldg  RiJil  Koiiteiiljaclier,  ih^  Ixv,  43» 

•  Mulder,  ik  elxviil  236. 

•  Goareti'^lii,  Bvr.  Uailtch,  Vhetn,  G^.  xL  1883. 
^  Anii^  C/icm.  Fhann,  xiviL  86, 


PntkL  Chem.  xcTiiL  815. 
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499  Eifiidcne  Acetamide,  Q^,G)i{^'iLC^fi\,  is  formed  by 

laeating  aldehyde  with  acetamide.    It  crystallizes  in  large  prisms, 

which  are  decomposed  by  acids  with  formatioD  of  aldehyde,' 

Ethideiie  Cya nu ramidc ,  C3N3 (N . C H. C 113)^  +  H^O ,  is  c h ta i ned 

Vhy  the  action  of  cyanamide  on  aldehyde.     It  forms  a  resinous 

J^which  is  precipitated  from  alcoholic  solution  by  cliloroform 

It  is  insoluble  in  bisulphide  of  carbon,  and  possesses 

|ihe   same   coefficient  of  refraction  as  that  liquid,  and  for  this 

reason  it  cannot  be  seen  when  it  is  suspended  in  it.* 

^^      Mthide^U'BiuTfi,  C^H^N^O^,  was  discovered  by  Wuhler   and 

^KLiebig,  and  obtained   by  passing  the  vapours  of  cyanic  acid 

^pinto   aldehyde.      It   was    first   called    trigenic   acid,    probably 

Bl)eoause   it  contained  three   molecules  of    cyanic    acid.     The 

action  of  these  bodies  on  one  another  is  extremely  energetic ; 

c&rix)D  dioxide  is  evolved  with  almost  explosive  violence  unless 

ice  be  iidded.     The  cyanic  acid  in  the  latter  ease  is,  however,  but 

slowly  absorbed,  and  then  if  the  liquid  be  allowed  to  remain  at 

tho  ordinary  tempemturo,  a  quiet  evolution  of  carbon  dioxide 

takes  place,  which,  like  that  of  a  fermenting  liquid,  lai^ts  for 

aonne  days*  until  at  last  the  half-solidified  mass  forms  a  syrup 

fi^m  which  crystals  are  deposited.     The  product,  which  contains 

1      cyam elide  (Vol.  1.  p.  UTl)  and  aidehyde-amraonia,  is  boiled  with 

^■lydrochloric  acid  until  aldehyde  is  evolved.     It  is  then  filtered 

off,  when   on   cooling  trigenic   acid   separates   out.     It  has   a 

slightly  yellow  colour,  and  is  purified  by  re-solution  and  warming 

^ith  animal  charcoal.  It  crystallizes  in  small  white  stellar 
eedlos,  which  have  a  faint  acid  taste  and  smell.  When  silver 
itrate  is  addo<.l  to  the  solution,  and  then  ammonia  gradually, 
the  silver  compound,  C^HgAgNgO^,  separates  out  as  a  crystalline 
jwder  ^  (Liebig  and  Wolder).  Trigenic  acid  probably  possesses 
foiluwing  constitution ; 

NH— CO 
/  \ 

CIL.CII  Ntt 

\NH— CO/ 


^  Tawildarow,  Ber,  Dtuimh,  Chem,  Ots.  ▼,  477- 
^  Kno}!,  .^ji7i.  Chffm*  Phan¥u  cxjcxL  253. 
»  Jb.  luc.  2&G. 
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COMPOUNDS  OF  TRICHLORETHIDENE, 


I 


500  TrichlorethideTie  Ako7id,CC\.G\i{OE.)^  has  already  beei 
described  as  Moral  hydrcUe  (Vol  III,  Part  L  p.  539)»    This  bodjT^ 
is  obtained  by  tlie  iiuiuii  of  chloral  (trichlorethidene  oxide)  with 
water.    Al though  it  appears  to  undergo  no  change  on  distillation, 
it  is  converted  by  heating  into  its  constituents,  as  is  proved  by  ■ 
the  specific  gravity  of  its  vapour  Various  chemists  have,  however, 
questiooed  this  fact;  and  it  has  been  the  subject  of  a  lively  dis- 
cussion in  which  the  question  of  the  constitution  of  this  chloral 
hydrate  was  of  less  consequence  than  the  question  of  the  truth 
of   the  general  applicability  of   Avogadro^s  law,  according  to 
which  equal  volumes  of  different  gases  contain,  at  the  same 
temperature  and  pressure,  equal  numbers  of  nioWuIes.^ 

The  result  of  this  experimental  discussion  has  been  to  prove 
that  the  vapour  of  chloral  hydrate  is  a  mixture*  That  this  is 
the  case  is  shown  by  the  following  fact^.  In  the  first  place 
Wurtz  found  that  the  vapours  of  chloral  ^nd  water  may  be 
brought  together  without  any  evolution  of  heat  being  noticed, 
and  hence  undergo  no  chemical  combination.-  Then  Wiedeman 
and  Schulze*  showed  that  the  vapour  of  the  hydrate  when  allowed 
to  diffuse,  behaved  as  a  mixture  of  aqueous  vapour  and  chloral 
vapour,  and  not  as  a  homogeneous  gas.  Lastly  Naumann  has 
proved  the  dissociation  of  chloral  hydrate,  inasmuch  as  he 
has  shown  that  the  substance  partially  decomposes,  on  frac- 
tional distillation,  into  chloral  and  water.  According  to  these 
facta,  then,  it  might  be  supposed,  according  to  the  old  idea, 
that  chloral  hydrate  is  a  molecular  compound,  that  is  to  say, 
a  compound  in  which  the  water  is  contained  in  the  samo 
state  of  combination  as  the  water  of  crystallization  in  palta. 
That  this  is,  however,  not  the  case  is  seen  from  the  reactions  of 
the  following  similarly  constituted  compounds  and  of  other 
bodies. 

Tricklordkidcne  Ethyl  Ether,  CCI^j.CH  |  §c  ^  -      This  body, 

which  is  usually  termed  Chloral  Aleoholate,  is,  as  has  been  stated, 
the  last  product  of  the  action  of  chlorine  upon  alcohol  (Vol  111, 
Part  L  p.   538),  and  is  formed  with  evolution  of  heat  when 


I 


1  Vol  L  38  70. 


»  Po^g.  Ann,  [2]  ft  293. 
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chloral  and  alcohol  are  brought  together  It  is  difficultly 
soluble  in  cold  water,  but  dissolves  readily  in  alcohol,  and 
crystallizes  in  white  prisms  which  according  to  Liehii^'  melt  at; 
46',  but  accorJing  to  Jacobseti  at  06'.  It  boils  at  115^ — 116", 
decx^mposing  into  chloral  and  alcohol,  as  is  shown  by  the  specific 
gravity  of  the  vapour,  which  is  3  49/  and  hence  it  behaves  like 
chloral  hydiute.     That  it  is  not,  however,  a  molecular  compound 

I  in  which  the  alcohol  plays  the  part  of  water  of  crystallization 
lias  been  shown  by  Henry.  If  the  supiX)sition  were  correct, 
it  must,  when  treated  with  phosphorus  pentachloride,  decompose 
into  a  mixture  of  pentachlorethane  and  ethyl  chloride,  whereas 
^tmchlurether  is  in  fact  formed.* 

Chloral  not  only  combines  with  common  alcoliol,  hut  also 
H  "With  other  alcohols,  with  mercaptan,  with  the  glycols,  with  chlor- 
™  tydrins/  &c* 

TrkhhrHhidme  Diethyl  Ether  or  Trkhloracdal  exists  in  the 
^wo  following  modifications : 

K  CC1,,CC1(0C,H,),.  CC1,.CH(0C,HJ2. 

The  first  of  these  is  formed  by  the  continued  action  of  chlorine 

■  upon  alcohol  or  acetal,  and  crystallizes  from  akohul  in  white 
nionoclinic  prisms  melting  at  83^  and  volatilizing  in  the  vapour 
of  water,  and  boiling  with  slight  decorapositiun  at  230"*/ 

The  second  compound  was  discovered  by  Wurtz  and  V^gt,  who 
I     obtained  it  by  heating  tetrachlorether  and  alcohol  together  :  * 

m    cx:Jj.chci(oc,h,)  +  ho.c^h,  =  ccia.CH(oqH,)2  +  hcl 

It  is  also  formed  in  the  preparation  of  cldoral,"  and  is  a  liquid 
l>oiUng  at  204'''8,  and  having  a  specific  gravity  at  0**  of  r2813J 
Concentrated  sulphuric  acid  decomposes  it  with  evolution  of 
chloraL 

( on  H 

PerU<ichhracetal, CCl^.CH     (\(  '"u^pii  »  was  found  by  Friedel  in 

tlie  residues  of  the  preparation  of  chloral    It  is  a  liquid  boiling  at 
186° — 189**,  and  is  not  attacked  by  caustic  potash.     When  heated 

'  Bfr,  Ikvtjteh.  Chtm,  €ka.  iii.  900, 
»  Ik  iv.  101  ttiid  435. 

■  Mj^rtitis  aud  Meii<iel»ohli,  ih,  xxu  445  ;  Heniy,  ib,  vii.  762  ;  Jacobseti,  Aim, 
Chf/n,  I'htirm,  civil.  *24S, 

*  l*it*rno»  ib,  cl.  253  ;  Krey,  Jahresh,  1876,  474. 

*  *"njn/if^  litnd,  Ixxiv.  777. 

*  LrVheii,  Ann.  Cfiem,  Pharm.  civ  114  :  Bjas80ii|  Compt*  lUnd,  IxzTtL  26w 
'  Piteriw  iuid  Pisati,  JaJtr&ib.  XS72,  303. 
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with  soUd  caustic  potash,  the  compound  CC1^~C  |  oC'H!ct 
b  obtained,  boiling   between  15^  and  lo9^^ 

TricJd^freihidem  Ethyl  Acdin,  CCVCH  |  Qe*H!o*   ^  fonne<^£=S^ 

by  acting  upon  aeetyl  chloride  with  chloral-alc4>holate,  and  it  is  ^^-M 

atll'a    -^ 


a  pleasantly  emeUing  liquid  boiling  at  198^  and  having 
^ecific  gravity  of  1  327** 

Trithlortihidcfu  Chlomcttin,  CClyCH  |^  ^  q,  is  obtained 

by  the  action  of  acetyl  chloride  on  chloral  or  chloral  hydrate.  It 
is  a  liquid  boiliui,'  at  185°,  and  having  at  IT""  tLe  specific  gravity 
1-47G1  (Meyer  and  Dulk). 

Tnchlordhiden€  Diacd^iU,  CC\^XM{OC^fi)^,  is  obtained  by 
heating  together  chloral  and  acetic  anhydride  for  many  hours  to 
150*.  It  is  a  peculiarly  sraelling  liquid,  boiling  at  221"" — 22i', 
and  having  a  specific  gravity  of  1*422  at  1 1*  (Meyer  and  Dulk). 

501  TricldorelhideTU  SnlphUe  Compoumh,  Like  other  alde- 
hydes, chloral  abo  combines  with  the  acid  sulphites  of  the 
alkali- metak  to  form  crystalline  compounds.  The  potassium  salt, 
C,CJjHfOH)S03K,  crystallizes  in  glistening  laminae,*  difficultly 
soluble  in  culd  water.  This  salt  is  also  formed  when  the  normal 
sulpliate  is  used,  but  the  solution  must  then  not  be  warmed,  as 
comp<junds  free  from  chlorine  are  then  produced.* 

Trickiorcfhukuc  Thiohydrin,  (CCia.CH.OH^jS,  is  formed  by 
the  action  of  sulphuretted  hydrogen  on  an  ethereal  solution  of 
chloral,  or  on  an  aqueous  one  of  chloral  hydrate.  It  is  insoluble 
in  water»  crystallizes  from  chloroform  in  rhombohedrons,  has  a 
peculiar  merraptan-liko  smell,  and  melts  at  127"* — 128**,  with 
partial  decomposition.^ 

Trkhlorethidene  Bydramim,    CCIg.CHl^^.      This  body, 

commonly  called  chloral-ammonia^  is  formed  by  the  action  of 
ammonia  on  well-cooled  chloral**     In  order  to  preptire  it,  chloral 

I  is  dissolved  in  chloruform,  and  ammonia  led  into  this  liquid,  well 
cooled  in  a  mixture  of  ice  and  common  salt,^  It  crystallizes  in 
white  needles  which  melt  at  62** — 64**.     It  is  almost  insoluble  in 


*  Ber,  DnttM-h,  CKsm,  (k».  viii.  G42. 

'  M^'ver  anil  Dulk,  Ann^  Cheiiu  FJiann,  clxxL  69. 

"  StaJL4er,  ib.  evl  25a.  *  U.itlik^,  ib,  cHl  151, 

*  Hagt^mrtuuj  Bcr,  Dtutrnk^  Chem,  Gf«.  v,  liH  ;  Wy&a,  tVi.  vii.  211, 

*  SimJeler,  loc>  cit.  ;  Pereonne,  Ann.  ChruL  Pftamt,  dvii.  118* 
^  IL  8chitr,  Jier.  DtuiacA.  Vhem.  Geju  x,  165. 
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cold  water,  and   hot  water  decomposes    it  with   formation  of 
cbioroform  and  ammonium  formate. 

fcrkhtor€thid^nc  Ethylhydr amine,  CC\SJK  {  ^Jz  rr  ^xr  is 
led  by  the  action  of  anhydrous  etliylamine  on  cUoral.  A 
;e  cn*stal line  mass  is  thus  produced,  which,  on  beating,  decom- 
3  into  chloroform  and  ethyl  foraiamide  ^  (Vol.  III.  Part  I, 

^B      TrkMortthidme  Hydracctamidc,  CClj.CH  <  ^  p  ^  nm*  ^'^^' 

^■^amide  and  chloral  combine  together  with  evolution  of  heat- 
^■^i%*ing  rise  to  the  above-named  body.®  It  ako  occurs  when 
cdiloral-ammonia  is  treated  with  acetyl  chloride  (SchiflT).  It 
^^crystallizes  from  hot  water  iJi  rhombic  tables,  which  melt  at 
^■3 56"^,      When  heated  with  acetyl  chloride  for  some  hours  to  120^ 

^V^he    compound,   CCI3.CH  j  j^  "^  A  q^jt,  is  formed.     This  crya- 

^taUizes  from  hot  acetic  acid  in  transparent  prisms,  which  melt  at 
117* — 118*,  and  are  decomposed  by  hot  water  into  the  foregoing 
compound  and  acetic  acid  (Schiff). 

^H       Tricldt/rcthuhm  Diacctamidc,  CCI3.CH  <  x^O^Vf^O^H^  ^^  formed 

^^BV^  heating  chloral  with  acetonitrih     It  is  difficultly  soluble  in 
^^Hpter  and  alcohol,  and  crystallizes  from  acetic  acid  in  glistening 
needles,  which,  when  heated,  sublime  without  previous  fusion.' 

^      Trkhloreihid^m  Urea,  CO  \^^^'r^T^,,^^^r,^^         This    sub^ 

■Uliiice 

^^m  fon 


^ 


TrieAloreihideTie  Urea,  CO  J  VR'rHi'OH^rCi  * 

is  formed  by  the  action  of  chloral  on  a  solution  of  urea, 
forms  hard  rhombic   cryst^ds,  easily  soluble  in   liot  water. 
When  an  excess  of  chloral  is  added  to  a  saturated  solution  of 

Ui^a» the  compound, col  ^TTYiTTL^Ti^/n     insoluble  in  water, 

18  iiroduced*     This  crystallizes  from  alcohol  in  small   six-sided 
tables,  or  in  large  flat  pearly  needles. 

The  am  id  o-com  pounds  of  trichlorethidene  are  not  attacked  by 
dilute  acids,  but  are  easily  decomposed  by  alkalis,  with  formation 
of  the  same  products  as  are  yielded  by  the  substances  from  which 
they  have  been  obtained.  Thus,  for  example,  tlie  aoetamide 
compound  yields  chloroform,  ammonia,  potassium  formate,  and 
potassium  acetate  (Jacobscu), 

^  Hofmann,  Btr,  DrufjteJK  Chrm,  Ors.  v,  247. 

*  J*eob«eu,  An^.  Chem.  Phnrm.  clvti.  244  ;  Wallach,  Iltr,  IkuUcK  C%<WI.  Cks^ 
V.  25U  »  HUbner,  ib,  vl  109  j  Hepp,  16.  x.  It551. 
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Glycollic  Acid  or  Oxtacetic  Acid,  CH^(0H)C02H. 

502  This  substance  was  obtained  by  Strecker  in  1848,  by 
acting  witli  nitrogen  trioxitle  on  glycocoU  (amido-acetic  acid).*  It 
was  afterwards  more  carefully  examined  by  himself  and  Socoloff, 
having  been  prepared  by  them  from  liippurie  acdd  (benzoyl 
amido-acetic  acid).^  Although  Strecker  must  be  looked  upon  as 
the  discoverer  of  glycollic  acid,  it  is  interestiog  to  leam  that  so 
early  as  the  year  1806  it  had  been  noticed  by  Berzelius,  who 
found  it  in  the  acid  residues  obtained  in  the  preparation  of  ethyl 
nitrite  by  Black's  method  (Part  I.  p.  357).  He,  however,  thought 
that  this  acid  was  malic  acid.  The  next  step  in  the  history  of 
glycollic  acid  was  made  by  Debus,  who  sliowed  that  it  is  produced 
together  with  oxalic  acid,  its  aldeliyde,  and  other  products  by 
the  moderate  action  of  dilute  nitric  acid  on  alcohol.^  Wurtz  then 
obtained  this  acid  by  the  oxidation  of  ethylene  alcohol,*  and 
Kekule  found  that  it  can  be  readily  prepared  by  heating  aqueous 
potassium  chloracetate.^ 

Glycollic  acid  also  occurs  in  unripe  grapes,  but  it  disappears 
during  the  process  of  ripening,**  being,  in  all  probability,  trans- 
formed into  tartaric  acid.  It  is  also  found  in  the  green  leaves  of 
the  Virginian  creeper.^ 

Debus  s  method  for  preparing  glycollic  acid  has  been  improved 
by  Lautemann^  and  Drechsel/  Instead  of  exposing  alcohol  to 
gradual  oxidation  with  nitric  acid,  it  is  better  to  use  the  mother- 
liquors  from  the  manufacture  of  fulminating  mercury.  Cloiiz 
was  the  first  to  observe  that  an  aciVl  occui-s  in  this  liquid,  to 
which  he  gave  the  name  of  homolactinic  acid.^**  Dessaignes  sug- 
gested that  this  was  glycollic  acid, ^^  an  itlea  confirmed  afterwards 
by  Fahlberg.^^  According  to  this  latter  authority,  tlie  mother- 
liquor  contains  at  first  little  or  no  glycollic  acid,  but  this  is 
formed  in  large  quantity  when  the  liquid  is  allowed  to  stand  f«ir 
some  time  at  a  temperature  of  25°.     The  mercury  which  is  still 

1  Ann.  Chem,  Pharm,  IxviiL.  fi5.  ^  75.  Ixxi,  34,  •  Ih,  c.  1. 

*  Comjttr^  li^juhis,  xliv.  130B  ;  Ann,  Chem  Pharm,  eiu.  367.       '  /6t  Ctr»  286. 

*  ErleMineyyr  und  Hoster.  Jahrc^h.  18(54,  359  ;  %b.  1866,  iJ73. 
^  <jonip  Besanez,  Ann,  Chem,  Pharm,  clxi,  22D, 

*  Kolbe,  Lfhrb.  fh^g.  Chem.  i,  67$. 

*  Ann,  Chnji.  Pharm.  cxxvii,  150.  '*  Ih.  Ixxxvt.  2S2, 

"  Jh.  liiiix.  339.  5>  Journ,  PmkL  CkenK  TiL  829. 
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contained  iu  solution  is  then  thro^ii  down  by  sulphuretted 
hydrogen,  a  large  excess  of  milk  of  Time  atidcd  to  the  filtrate, 
this  boiled  and  filtered  hot,  and  the  filtrate  treated  with  carbon 
diaxiJe  in  order  to  separate  the  lime.  On  concentratiog  the 
solution,  calcium  glycoUate  is  obtained,  and  this  can  be  purified 
by  recrystalli^ation.  In  order  to  obtain  the  free  acid,  the  lime 
salt  h  decomposed  by  ah  excess  of  oxalic  acid  and  the  boiling 
liquid  saturated  with  lead  carbonatei  the  solution  of  the  lead 
salt  precipitated  by  sulphuretted  hydrogen,  and  the  acid  solution 
filtered  off  from  the  lead  sulphide. 

The  two  glucoses,  dextrose  and  levulose,  are  easily  oxidized , 
in  aqueous  solution  bj  silver^oxidc,  with  formation  of  carbon 
dioxide,  glycollic  acid,  and  oxalic  acid.  This  reaction  may  be 
employed  f*)r  the  preparation  of  glycollic  acid.  Fur  this  pur- 
pose a  mixture  of  the  two  glucoses  is  prepared  by  boiling  one 
part  of  cane  sugar  with  tw^enty  parts  of  a  2  per  cent,  sulphuric 
acid  for  two  hours  with  a  reversed  condenser,  and  then  re- 
moving the  sulphuric  acid  by  barium  carbonate.  The  filtrate 
is  added  to  a  warm  moist  mixture  of  two  parts  of  calcium 
carbonate  and  the  oxide  prepared  from  ten  parts  of  silver 
nitrate.  After  a  few  nunutes  an  evolution  of  carbon  dioxide 
begins,  and  as  soon  as  this  has  ceased,  the  mixture  is  warmed 
to  50*  as  long  as  any  gas  is  evolved.  It  is  then  filtered,  and 
the  glycoUate  allowed  to  crystallize.  One  hundred  part^  of 
sugar  give  thirty  parts  of  the  dry  salt.  The  addition  of  calcium 
carbonate  at  the  com  me  nee  ni  en  t  of  the  operation  serv^es  the 
purpose  of  keeping  the  solution  neutral,  as,  if  it  becomes  acid, 
the  glycollic  acid  is  readily  further  oxidized  to  oxalic  acid.^ 

503  Glycollic  ncid  may  also  easily  be  obtained  fioni  nionochlor- 
acetic  acid,  as,  on  boiling  this  with  caustic  soda,  sodium  glycoUate 
k  formed ; 

CHjCLCOjNa  +  NaOH  =  CH,(OH)CO,Na  +  NaQ, 

A  concentrated  solutirm  of  sulphate  of  copper  is  added  to  the 
hot  solution,  and  tlie  ditHcuItly  soluble  copper  glycoUate  thrown 
down.  This  may  be  purified  by  recrystallization,  and  decomposed 
by  sulphuretted  hydrogen. 

According  to  Fittig,  glycollic  acid  is  most  easily  prepared  by 
heating  a  5  per  cent,  solution  of  cbloracetic  acid  for  some  days 
ia  connection  with  a  reversed  condenser,  and  concentrating  the 
product  by  evaporation.* 

^  Kilkju,  Jnn.  ClUm.  Pharm.  ccr.  191,  Liebig'a  AnnaUn,  ccv,  191. 
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Gljcollic  acid   separates  from   syrupy  solution  in   stellated 

needles,  and  from  solution  in  alcoliol  or  ether  in  fine  laminae, 
"vvbich  melt  at  80°,  and  are  unalterable  in  the  air.  If  the  a/|ueotis 
solution  be  evaporated  too  far,  some  glycoUic  anhydride,  a  body 
which  will  be  afterwards  described,  is  formed,  and  if  it  be  crj'stal- 
lized  from  alcoholic  ether,  some  ethyl  glycoliate  is  also  produced. 
Both  of  these  products  either  prevent  the  crystallization  of  the 
acid,  or  run<ler  it  deliquescent  in  moist  air,  and  hence  it  was 
fornierly  assumed  that  two  isomeric  glycollic  acids  exist.^ 

By  the  action  of  phosphorus  pentaeliloride  on  glycollic  arid» 
glycolyl  chloride  is  formed,  a  boily  which  has  been  already 
described  as  monchloracetyl  chloride  (Part  I.  p.  535). 


The  Glycollates. 


504  The  salts  of  oxy acetic  acid  are  easily  soluble  in  water, 
and  erystallizable.  Of  these  the  following  are  the  most 
characteristic. 

Calcium  Git/milate,  (C^H^O^gCa,  crystallizes  by  spontaneous 
evaporation  of  its  solution  in  stellar  silky  needles,  containing 
4  molecules  of  water,  and  dissolving  at  IS""  in  80  and  at  100* 
in  Id  parts  of  water.  It  separates  from  the  hot  solution  on 
cooling  in  crystals  which  contain  3  molecules  of  w^ater,  and 
on  evaporating  at  100°  large  transparent  hard  crystals  are 
obtained,  which  are  only  soluble  with  difficulty  in  water 

Zcad  Gli/coiiate,  {(X,l^,fi^).^\  is  obtained  from  acid  solution  in 
glistening  monoclinic  crystals,  which  dissolve  at  17''  in  31  parts 
of  water.  When  the  neutral  solution  is  boiled,  or  if  a  glycol- 
iate be  precipitiitcid  with  acetate  of  lead,  a  basic  salt,  liaving  the 
formula  (CjH30.^Pb)oO,  separates  out  in  stellar  needles  which 
require  more  than  10,000  parts  of  water  to  dissolve  them. 

CopjKT  GiycoUatc,  {C^fi^fiu,  forms  blue  crystals,  which 
dissolve  in  134  parts  of  cold,  and  are  more  easily  soluble  in 
hot,  water. 

SilvfT  Glycolkttc,  C^HjOgAg,  is  a  curdy  precipitate,  which  after 
a  time  becomes  crystalhne.  It  dissolves  in  hot  water,  with  partial 
decomposition  and  blackening. 

^  Kolbe,  Anru  Chem,  Phann.  cxxnU  159. 
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Ethers  and  Ethereal  Salts  of  Glycoltl. 

505  Ethyl  GhjcoUaic,   C^l^OJ^C,^^^    is  formed   by    heating 

t  ethyl  chlonicetate  with  anhydrous  sodium  acetate  and  alcohol  :  ^ 
\  CH2(OH)CO,C2H,  +  C,H,02(C,H^  +  NaCL 

In  place  of  sodium  acetate,  sodium  glycollate  may  be  used 
when  of  course  no  ethyl  acetate  is  formed.^ 
It  may  be  more  readily  obtafned  by  distilling  a  mixture  of 
calcium  glycollate  and  potassium  ethyl  sulphate  (Fahlberg). 
It  is  a  pleasantly  smelling  liquid,  soluble  in  water,  and  de- 
composing quickly  in  contact  with  this  liquid,  especially  on 
heatings  into  glycollic  acid  and  alcohol  According  to  Heintz  it 
boib  at  155°,  whilst  Fahlberg  gives  the  boiling  point  at  150°, 

^aod    Schreiuer   at    IGO"*.     At  0'  it   has   a   specific   gravity  of 
11 074 
The  following  ethers  have  also  been  prepared  :  ^ 
B.P, 
I  Methyl  glycollate,  C^H^O^CCHJ      1 5  r 

Propvl  dvcollate,  cJh,OJC,H,)      170° 
wi 
dif 
sol 


Sp.  Gr.  At  0*. 

1  18C2 

r0837 


Methyl  glycollate,  C^H^Oj/CHJ 
Propyl  glycollate,  cXo.(C,H,) 

EthyhglycoUic  Acid,  CHoCOC^HJCO.H.  This  body,  isomerio 
with  ethyl  glycoHate,  is  also  termed  cxycthylaaiic  acid  and 
^koxacetic.  acid.  In  order  to  prepare  it  30  grams  of  sodium  are 
dissolved  in  500  grams  of  absolute  alcohol,  and  an  alcoholic 
solution  of  60  grams  of  chloracetic  acid  added  to  it.  and  the 
whole  heated  to  boiling.  The  liquid  is  filtered  from  the  sodium 
chloride  which  separates  out,  the  alcohol  rem^^ved  by  distillation, 
ami  the  residue  warmed  with  60  grams  of  copper  sulphate.  The 
residue,  obtained  on  evaporation,  is  a  mixture  of  sodium  sul- 
phate and  copper  e thy Kgly collate,  [C,HiCoHJO.J,Cu  +  2H30, 
ffom  which  the  latter  salt  is  obtained  on  extraction  with  hot 
alcohol,  it  separating  out  on  cooling  in  small  blue  needles.  It 
is  easily  soluble  in  water,  and  crystallizes  in  large  rhombic  prisma. 
On  treating  its  aqueous  solution  with  sulphuretted  hydrogen 
and  distilling  the  filtrate,  ethyl-glycollic  acid  passes  over  at  about 
190^  this  being  mixed  with  a  smtill  quantity  of  glycollic  acid, 
paraformaldehyde,  and  ethyl-glycollic  etliyl  ethen  It  is  a 
colourless,    strongly   acid   liquid    boiling   at  from   206'' — 207* 

*  Hemtz,  Ann^  Ckem,  Fharm,  cxxiiL  S25,  «  Poffg*  Ann,  catir.  440, 

*  Anik*  Chem,  Pliarm^  cxcvii  1. 
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(Reatj).  On  beatiiiig  it  with  plio^onii  iodide,  gijcotlic  add 
and  etliyl  lothde  are  formed.^  Pboepboms  ^chloride  does  not 
attack  it  in  ihe  ooM»  bat^  od  beating  elkyl-glyeolyl  ciUoiide  is 
Ibrmed,  CH^OC,HJCOCL  ,Tbis  is  a  mobile,  heavy  liqmd. 
hoiliQg  at  1^ — 128^,  fmning  slightly  m  the  air^  and  attacki^ 
the  eyea  Tiolentlr.^ 

£tkfl  Ethma£date,  CHjCOCjH^lCOj^C^,  is  obtained  by 
beatiog  sodiutn  ethyl-glycollate  with  ethyl  iodide  and  alcohol,* 
as  well  aa  bj  allowing  ethyl  chloracetate  to  drop  into  an  alooholie 
solution  of  sodium  ethylate.^  The  ether,  obtained  by  fractional 
distillation,  is  an  easily  mobile  liquid,  having  a  pleasant  mint- 
like smell  and  a  sweetish  taste.  It  boils  at  158^  4,  and  at  0"  has 
a  apeciiic  gravity  of  0  9996,  that  of  its  vapour  being  4  56. 

In  addition  to  these,  many  other  compounds^  and  ethers 
(Sclireinerj  having  an  analogous  constitution  to  ethyl-glycollic 
acid  are  known.  fl 

AcfioglyroUie  Acid,  or  Acetoxacdic  Acid,  CH20(CjH3O).C0jH,* 
is  not  knon^n  in  the  free  state.  Its  ethyl  ether  is  formed  by 
heating  ethyl  chbracetate  with  anhydrous  sodium  acetate.  It  is 
a  liquid  having  a  faint  fruit-like  smell,  and  boiliug  at  1T0^ 
\Mien  it  ia  treated  in  the  cold  with  milk  of  lime,  it  forms  the 
easily  soluble  calcium  ac^totjhjcollate,  {Q^^fi^fivk-^-Hcifi,  crystal- fl 
lizing  in  small  prisms,  and  yielding  on  boiling  with  milk  of  lime 
the  calcium  salts  of  acetic  and  glycollic  acids.* 

The  hydrogen  in  the  alcoholic  hydroxy  1  of  glycollic  acid  may 
be  replaced  by  other  acid  radicals,  and  in  these  cases  also  the 
ethers  and  salts  but  not  the  free  acids  are  known. ^ 

As  glycollic  acid  is  at  once  an  alcohol  and  an  acid,  two  mole- 
cules of  it  can  unite  with  elimination  of  water  and  formation  of 
compound  ethers  (p,  84). 

5d6  (nytofjlymUic  Acid,  QB.^{OmVO^.Q'B.,X0^    This  cora^ 
pnind,  whifh  ia  at  the  same  time  an  acid,  an  idcohol,  and  an" 
ether,   is  usually  called  glifcoUic  anhydride.      It   is  formed  on 
heating  glycollic  acid,  or  by  exposing  this  for  many  days  to  the 


1  Hebtz,  Pogg,  Ann.  cix.  SSI ;  cxL  652 ;  cxiv,  469. 
'  Hi^nry,  Br^r.  iM-uUch,  Cham.  GeM.  ii.  276. 

»  Jleiiitz,  Ann,  Cftem^  Fharm.  cxxix.  30;  Geutbet  and  Wackcnroder,  Zeiiseh, 
CJum,  lSrJ7.  705. 

*  Schreiner,  loc,  tt% 

*  Wt^hiit,  lor,  at  and  Ann,  Chem,  Fharm.  cxix.  257;  Joum.  Praki^  CTt^m, 
Ixxviii.  121,  174  (f)  ;  \xxix,  233  ;  *Sieinena,  Ch^m.  OcntralK  \m%  17, 

*  IWmiz,  Ann,  Cfu^m,  /Vtfirm,  cxxiii.  325  :  Gul,»A.  cxlii.  370  ;  Compic*  ItendwL 

Ixiii.  um,  - 

'  lUinXi,  Ann,  Chem,  PItarm,  clir.  257  J  GaI,  loc,  aL 
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^011  of  the  vapours  of  sulpliur  trioxide.  On  waahing  it  with 
Water  it  remains  as  a  white  powder  which  is  insoluble  in  ether, 
alcohol,  and  cuW  water,  whilst  on  boiling  it  forms  glycollic  acid. 
It  is  also  dissolved  by  fused  glycollic  acid,  and  this  explains  the 
fact,  noted  on  page  84,  of  the   anomalous   behaviour  of  fused 

givcollic  acid  (Falilberg). 
Gltfcolid*\  C^H^O^,  was  first  prepared  by  Dessaignes  by  the 

diy  distillation  of  tartronic  acid,  CH(0H)(CC\H)2,^     It  is  also 

formed  on  strongly  heating  glycollic  acid,  but  most  readily  by 

liieating  potassium  monochloracetate  to  150°.^ 


CH^Cl 


CHj— 0— CO 


NaOCO 

I  4*  I        =      I     '  I      +  2NaCl. 

CO.ONa         CICH^  CO— 0— CH^ 


I 


It  is  also  formed  by  the  action  of  bromacotylbromide  on 
*<^um  acetate.5  It  is  a  white  amorphous  powder,  insoluble 
*^  cold  water,  melting  at  220'',  and  combining  with  water  to 
form  glycollic  acid,  and  with  alcohol  to  form  the  etlier. 

CiycoUde,  as  is  seen  from  its  mode  of  formation,  is  a  double 
^tlierin  which  the  radical  glycolyl  is  contained  twice,  and  both 
^*    these  act  at  once  aa  alcohol  radicals  and  as  acid  radicals. 

J)yjirfcolfir  Arid,  0(CH2.C02H)^  This  dibasic  acid,  which 
^lao  acts  as  (\n  ether,  was  first  kno\\Ti  as  paranialic  acid^ 
*^  it  is  metameric  with  malic  acid,  Heintz  was  the  first  to  obtain 
i^*  together  with  glycollic  acid,  by  hetiting  chloracetic  acid  with 
*^U3tic  soda/  and  Wurtz  afterwards  showed  that  it  is  obtained 
^y  oxidizing  diethylene  glycol.^  The  same  substance  is  formed  in 
lat^gequantity  when  chloracetic  acid  is  heated  with  the  hydroxides 
^^  the  alkiiline  earths,  whilst  caustic  alkalis  antl  otlier  metallic 
"ydrorides  chiefly  yield  glycollic  acid,*  In  order  to  prepare  it  in 
T^way,  raonochloracetic  acid  is  boiled  with  an  excess  of  milk  of 
"^^e,  and  the  filtrate  treated  with  carbon  dioxide  and  concentrated 
'^^^ewhat;  on  addition  of  alcohul  the  calcium  salts  of  glycollic 
'^d  diglycollic  acids  separate  out,  and  these  may  be  readily 
operated  by  recrystallization.  calcium  diglycoUate  being  less 
**^luble  in  water  than  the  glycoUate,  In  order  to  prepare  the 
^^^  acid,  the  calcium  salt  is  converted  into  the  insoluble  lead 

'    "       '^    'I.  Phnrm.  Ixxxix.  8:J9. 

cv,  28*5 ;  Twtierniuk  an-1  Norton,  Bulk  Sog,  CTiim,  [2],  xix,  102. 
Ann.  Cfwm,  Phnrm.  cxxix.  275, 
;  .  dx,  470 ;  cxv.  2S0. 

/w/iijf,  li,  162  ;  Ann,  Cheni,  Pharm,  cievii.  186. 
*  iKliit^khtdVt  Jmim,  Prakt,  Chem,  [2%  xilL  486 ;  Heintz,  AniHn  Chem^  Pharm, 
f*lir.  &l. 
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isalt,  and  this  decomposed  by  sulphuretted  hydrogen.^  It  crystal- 
lizes  from  water,  in  which  it  is  easily  soluble,  in  large  transparent 
rhombic  pmms  containing  one  molecule  of  water,  which  is 
driven  off  completely  at  100"*.  The  anhydrous  acid  boils  at  14S\ 
and  solidifies  again  to  a  crystalline  mass  on  cooling.  On  heating 
vnth  hydriodic  acid,  it  is  decomposed  into  acetic  and  glycollie 
adds,  which  latter,  when  an  excess  of  hydiiodie  acid  is  present 
is  reduced  to  acetic  acid. 

Diglycollic  acid  forms  both  acid  and  normal  salts.  Those  of 
the  alkali  metals  are  soluble ;  those  of  the  other  metals  dissolve 
only  with  difficulty. 

Calcium  Diglycollaie,  C^H^O^Ca,  is  scarcely  soluble  in  cold 
and  only  slightly  soluble  in  hot  water*  On  cooling  the  solutton 
it  crystallizes  in  long  glistening  needles,  which  contain  6  molecules 
of  water.  On  allowing  the  solution  to  evaporate  slowly,  a  salt 
cr)\staUize3  out  containing  3  molecules  of  water,  and  it  can  also 
be  obtained  with  1^  4,  or  5  molecules  of  water.* 


SULPHUR  COMPOUNDS  OF  GLYCOLYL. 

507  Tliiogfycollio  Acid,  or  Mcrcapto-aeetic  Acid,  CHj(SH)COjH, 
is  obtained  by  the  addition  of  chloracetic  acid  to  an  aqueous 
solution  of  potassium  hydrosulphide.  The  potassium  salt, 
separated  from  potassium  chloride  by  crystallization  and  treat- 
ment with  alcohol,  is  decomposed  by  sulphuric  acid,  and  the  acid 
extracted  with  ether.  It  h  an  oily  colourless  liquid,  soluble  in 
water,  and  liaving  but  little  smell.  As  an  acid  and  a  mercaptan 
it  can  form  three  series  of  salts,*  as  well  as  ditferent  compound 
ethers  *  ThiodigbjcMic  Add,  S(CH^.COjH)^,  and  DithioglycollU 
Acid,  S/CH^-COjH)^,  have  also  been  prepared.^ 

508  Thctinc  Compmtnds,  These  bodies,  which  correspond  to 
the  sulphine  compounds  (Part  I,  pp.  158  and  384),  have  been 
investigated  by  Crum-Brown  and  Letts.**  Their  bromides  are 
formed  by  heating  bromacetic  acid  with  the  sulphides  of  the 
alcohol  radicals ; 


*  Anfu  Cham,  Pharm.  cxliir.  01. 

*  Mo!w,  Zeiiscli.  Chetii,  1860,  495. 

■  ClMsaon,  Ann,  Ckem^  Pharm,  cIxittu.  113. 

*  Erlenmever  ami  Liaeoko,  Zt^Usch.  Chem,  1862,  131 ;  Claesaofi,  Bcr,  Jkulack, 
Chem,  Qtn,  viii  120, 

*  Sehulxe,  ZeiUch.  Chem,  1865,  78;  Schreiber,  Jmtm,  PrttH*   Chuwt^  [2],  xiiL_ 
472 ;  Antln*n^^h,  Ber,  Dtitt^h.  Chem,  Ots,  xn,  1800  j  Ckessoa,  t5.  xir,  409, 

*  Edin.  Phil,  Tmns,  xxviii.  [21  571. 
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Bimetliyl  Thetine  Bromido. 

CH^r  CH,S(CH3)2Br 

I  +S(CH3),    =       I 

CO,H  COgH. 

The  compounds  thus  obtained  axe  easily  soluble  in  water, 
and  crystallize  from  alcohol  in  large  transparent  rectangular 
tables. 

Dimethyl  Thetine,  CO  SCCHj)^  +  H^O,   is  obtained   by 

0 
acting  with  moist  silver  oxide  on  a  solution  of  the  bromide.     It 
forms  large  deliquescent  crystals,  which  are  less  soluble  in  alcohol 
than  in  water.     It  possesses  a  burning  saline  taste,  and  unites 
irith  acids,  but  not  with  weak  ones  such  as  carbonic  or  hydro- 
cyanic, and  this  is  easily  understood  as  the  substance  is  itself  a 
lalt.    If  it  be  allowed  to  stand  for  a  week  over  sulphuric  acid 
in  a  vacuum,  it  loses  its  water  and  becomes  opaque. 

The  bromide  has  an  acid  reaction  like  all  thetine  salts.  Its 
murm  solution  dissolves  oxide  of  lead,  and  on  cooling,  laminse  of 
a  double  salt  separate  out,  whilst  dimethyl  thetine  remains  in 
sdution: 

CKS(CHJ.Br  CH^SCCHj^^Br 

4  I  +  2Pb(0H),  =  I  +  PbBr,  + 

CO.OH  CO.OPbBr 

OIL 
3C0  SCCHg)^  +  4H2O. 

O 

The  other  dimethyl  thetine  compounds  are  obtained  from 
tte  bromide  by  decomposing  it  witli  soluble  silver  salts,  and  the 
*^e  compounds  are  obtained  by  the  action  of  acids  upon 
dimethyl  thetine. 

The  chloride,  which  is  crystalline  but  very  deliquescent, 
^mbines  with  platinum  chloride  to  form  the  salt  (C^HgS02)2 
ftCl,+2H20,  a  body  crystallizing  from  hot  water  in  orange- 
aeedles. 

The  ethyl  ether,  Br(CH3).^SCH2CO.OC2H5,  is  formed  by  the 
'inion  of  ethyl  bromacetate  with  methyl  sulphide.  It  crystallizes 
in  pearly  glistening  hygroscopic  laminae. 

Letts  has  prepared  several  other  thetine  compounds  with  other 
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alcohol  radicals,  and  these  ara  less  easily  formed  than  dimethyl 
thetine,  and  with  the  greater  diflficulty  the  more  carbon  the 
radical  contaj]!;^,  whilst  the  power  of  crystallization  dlDiioi^es 
in  the  same  ratio.* 

509  Siflj^Iw-acdic  Acid,  CH2(S0^H)C0jH,  was  discovered  by 
Melsens  in  1842,  who  gave  it  the  above  name*  He  obtained  it 
by  the  artinn  tif  snlplmr  tri oxide  and  fuming  sulphuric  acid  on 
acetic  aciJ.^  It  is  also  formed  by  treating  acetamide  or  aceto- 
nitril  with  the  fuming  acid^^  ur  by  heating  acetic  acid  with 
chlorsulphonic  acid,*  Its  sodium  salt  is  easily  obtained  by 
boihng  chloracetic  acid  with  a  solution  of  normal  sodium 
sulphite.*  Tlie  sulphur  compounds  already  described  also  yield 
this  acid  on  oxidation  w4th  dilute  nitric  acid.*  It  remains 
behind  as  a  syrup,  on  evaporation  of  the  solution  in  a  vacuum. 
This  gradually  sulidifies  to  a  needle-shaped  mass  which  is  very 
deliquescent.  Sulphone-acetic  acid  is  a  strong  dibasic  acid, 
of  which,  liowcver,  only  the  normal  salts  have  as  yet  been 
prepared. 

5 10  Thioaja7im€i ic  Acid,  or  Eli^ac^tic  Acid,  CH2(S.CN)C0jH, 
The  ethyl  ether  of  this  body  was  obtained  by  Heintz,  by  acting 
with  potassium  thiocyanate  on  ethyl  chloracetateJ  On  heat- 
ing this  with  strong  hydrochloric  acid,  he  believed  that  he  had 
obtained  tiie  free  acid,  but  Claesaon  has  shown  that  the  substance 
which  is  then  liberated  is  its  isorneride,  thiocarbimidacetic 
acid  (p.  01).  In  order  to  prepare  thiocyanacetic  acid,  powdered 
potassium  tbioeyanate  is  added  to  a  concentrated  solution  of 
sodium  chloraeetate.  The  crystaUine  magma  which  is  fonned  b 
then  treated  with  boiling  alcohol,  when  potassium  chloride 
remains  behind,  and  crystals  of  sodium  thiocyanacetate  are  de- 
posited from  the  filtrate.  The  wel!*cooled  aqueous  solution  of 
this  salt  is  then  decomposed  by  sulphuric  acid  and  at  once 
extracted  witli  ether.^ 

Rhodacetic  acid  is  a  colourless  and  odourless  oil  which,  when 
gently  warmed,  changes  into  a  porcelain-like  mass  difficultly 
soluble  in  water,  and  crystallizing  from  this  solution  in  jgi^oups 
of  stellar  needles*     It  forms  with  the  metals  of  the  ulkaUs  and 

^  Edin,  Phil.  Trrfns.  xxviii  [2],  fi83. 
'  Ann.  Chem.  Pharm,  xliv.  97  ;  Hi.  275. 

*  liucktoD  and  Hofmaim,  Proc,  Ihtj,  Soc.  viii,  15B;Ann,  Chem,  Pharm. 

*  Ball m stark,  ib.  exl.  75» 

*  Conroann,  ib,  cxlviii.  101. 

*  Cflrnia,  ib.  exxiv.  62, 
^  /&.  exxxvi.  223. 

*  Ckesson,  Bcr.  Dcutsch,  Ch€ni,  Gu*  x*  1346. 
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(the  alkaline  earths  crystallLsable  salts,  whereas  those  of  the 
other  metals  are  readily  decooiposefl  with  formation  of  the 
thioglycollates.  Wien  sulphate  of  copper  is  brought  into  a 
solution  of  rhodacetic  acid,  a  black  amorphous  precipitate  is 
I  formed  after  some  tirae,  consisting  of  cuprous  thioglycollate^ 
r(CHj)jS/Jtt2(COa)2Cu2,  This  reaction  is  very  chariicteristic 
(Claesson). 

Thiomrlnmida^dic  Add,  or  Mudard  -  oil  -  acdic  Acid, 
CH„(N.CS}CO^H,  was  nbtame.1  by  Volhard  by  boiling  glycolyl 
thio-urea  (p.  97)  with  bydroeliloric  acid ; 

CH^NHv  CH„,N,CS 

I  ;CS  +  HCl  +  H,0  =  I  +  NH.CL 

CO.NH  /  CO.OH 

It  is  soluble  in  hot  water,  difficultly  soluble  in  cold,  and  crys- 
tallizes in  rhombic  tables,  melting  at  125'— 126  \  As  an  amido- 
compound  it  acts  as  a  weak  acid,  the  salts  being  many  of  them 
partially  decomposed  by  water.^ 

Nitroacdic  Acid,  C}l.^(SO,^COM,  This  body  is  not  known  in 
the  free  state.  When  attempts  are  made  to  form  the  potassium 
salt  by  heating  a  solution  of  potassium  chloracetate  with  p>tas- 
sinm  nitrite,  carbon  dioxide  and  nitromethane  (Part  I,  p.  227) 
are  obtained. 

The  ethyl  ether  is  however  known,  and  this  is  obtained  by 
the  action  of  ethyl  broraacetate  on  silver  nitrite.  This  liquid 
boik,  not  without  decomposition,  at  151° — 152°,  and  on  treat- 
n^eotwitli  tin  and  hydrochloric  acid  is  converted  into  amido- 
^f  tic  acid.* 


AMIDO-COMPOUNDS  OF  GLYCOLYL. 

jn  Many  of  these  compounds  are  of  great  physiological 
^fiter^st^  inasmuch  as  they  and  several  of  their  derivatives  occur 
wth  in  the  animal  and  in  the  vegetable  kingdoms,  as  the 
products  of  decomposition  of  higher  and  njore  complicated 
*^<>ropounds.  In  addition  to  those  now  described,  others  exist 
wLich  will  be  noticed  in  the  further  course  of  this  w^ork. 

i^Ujcohmide,  CH.(OH).CO(Nn.),  is  obtained  by  tlie  action 
«f  ammonia  on  ethyl  glycoUate  orglycolide.     It  forms  colourless 

^  Jmim.  PmkL  Chem.  [2],  ix.  6. 

•  Furcraad,  BulL  St/c  Chim,  jx%L  5S6. 
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crystals  which  fuse  at  120".     Aqueous  hydrochloric  acid 
verts  it  into  glycolic  acid  and  sal-ammoniac, 

Amido-mrtk  Aciil^ov  Gli/cocoH,  Cir2(NIIj)C0gH,  was  first 
pared  by  Broconuot  in  1820|  btiing  contained  amongst  tl 
products  of  the  action  of  sulphuric  acid  on  glue,  and  receive 
from  him  the  name  of  Siirn  dc  gelathie^  on  account  of  its  swe€ 
taste,^  Dessaignes  found  later  on  that  the  same  body  occuc 
as  a  product  of  decomposition  of  hippuric  acid,^  Tliis  latt 
chemist  as  well  as  Laurent/'  Mulder/  and  Horsford  *  det<>rmin6 
its  composition,  and  the  last-named  chemist  gave  to  it 
name  of  glycocoll,  hy  which  it  is  usually  known  {y\vKV^,  sweet 
KoXKa,  glue).  Strccker  then  found  that  it  is  a  decompositio 
product  of  glycocholic  acid,  one  of  the  constituents  of  bile,*  an 
since  that  it  has  been  obtained  from  various  other  complicati 
carbon  compuunds.  According  to  Chittenden  it  is  found  iu 
muscle  of  the  edible  Pecten  irradian^,'^ 

Amido-acetic  acid  was  first  artificially  obtained  by  Perkin* 
Duppa,  by  acting  with  antmonia  on  bromacetic  acid.*     Cahouu 
then  showed  that  chloracetic  add  may  also  be  used   for  tU 
purpose,^     Its  formation  from  cyanogen  is  |xjcnliar''^   If  this  | 
be  led  into  a  boiling  solution  of  concentrated  hydriodic  acid, 
following  reaction  takes  place  : 

CN  CH^.NH, 

I      +  5HI  +  SH^O      -      I  *■  -f  NHJ  H-  21^ 

CN  CO.OH 

The  method  proposed  by  Braconnot  was  formerly  ompl 
for  the  preparation  of  glycocoll.     Aceonling  to  Mulder  a 
yield  is  obtained  when  the  glue  is  boiled  with  hot  caustic  pat 
instead  of  sulphuric  acid. ^*    It  is  most  conveniently  prepared  (roi 
hippuric   acid    {benzoyl -amido-acetic   acid),    a   body   occurrir 
in  the  urine  of  graminivorous  animals.     This  substance,  whe 
warmed  with  four  times  its  weight  of  fuming  hydrochloric  ncia 
undergoes  the  following  change  t 

ca,xH(aH,.co) 

I     \_  +H,0      = 


CH^.NH, 
CO,H 


CO,H 

*  jinn,  ChijJi,  Phi/g,  [2]*  xiii.  114. 
t  pf^^-'M' ^    Ann.  Chrm.  PJutrm.  Iviii.  S22. 

*  '  'L  Jixii.  789.  *  Jtjunu  Prahi.  Client,  xxxviii.  2W, 

*  J  P/uim.  U.  1.  •  Jh,  Iav,  130  ;  bcvii.  Uh 

^  lb.  cixxvui.  2C0.  "  Qiiari,  Jmrti*  Ckevu  Soe,  ad.  3M, 

»  Compt.  Pund,  3cl\i*  1041;  cvli.  U7* 

"  Emmerliii^r,  Btr.  DcuUch,  Chan,  £?c*.  vL  1353. 

**  Joum.  PnikL  Clieta,  xvi.  20i>. 
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The  solution  la  then  diluted  with  water  and  allowed  to  cool, 
"when  a  large  portion  of  the  benzoic  acid  which  is  formed  crys- 
"tallizes  out  The  filtrate  is  evaporated  almost  t-o  dryness  and 
trheo  boiled  with  water  for  mme  time,  in  order  to  drive  ofif  the 
remaining  benzoic  acid.  In  this  way  glycocoU  hydrochloride 
is  obtained,  and  this  is  decomposed  with  oxide  of  lead  or  silver 
oxide. 

The  preparation  of  amido-acetic  acid  from  chloracetic  acid  or 
liffomacetic  acid  is  not  economical,  because  large  quantities  of 
diglycolamidic  acid,  NH(CH2,C0j,iI)2,  and  triglycolamidic  acid, 
N(CHj,C0gH)3,  are  produced.^ 

Olycocoll  dissolves  in  4*3  parts  of  cold,  and  more  readily  in 
hot  waten  It  is  insoluble  in  absolute  alcohol  and  spirit  of  wine. 
It  crystallizes  in  large  hard  monoelinic  tables  which  grate  be- 
tween the  teeth,  have  a  sweet  taste  and  fuse  at  170^  undergoing 
decomposition  with  separation  of  carbon  when  lieaterJ  to  a  higher 
temperature.  Its  solution  is  coloured  deep  red  by  ferric  chloride 
and  deep  blue  by  copper  salts. 

As  an  amido-acid  glycocoU  is  at  once  a  base  and  an  acid,  or 
rather,  as  it  has  a  neutral  reaction,  a  salt  (p.  18).  Of  its  numer- 
ous compounds,  only  the  more  important  can  here  be  mentioned. 

51a  Metallic  Compounds  of  GhfcocolL  Amongst  these  the  copper 
salt  is  very  characteristic.  It  is  obtained  by  boiling  a  glycocoU 
solution  with  copper  oxide.  On  cooling  or  addition  of  alcohol, 
the  oompjund,  having  the  formula  (Cj>H^N02)2  Cu  +  H^O, 
crystallizes  in  fine  blue  needles.  These  dissolve  in  caustic 
potash,  yielding  a  deep  blue  solution.  If  glycocoU  and  caustic 
potash  be  added  to  a  solution  of  copper  sulphate  the  solution 
also  becomes  dark  blue,  and  the  above  salt  is  separated  on 
addition  of  alcohol.  The  silver  salt,  C2H^N02Ag,  difficultly 
soluble  in  water,  is  deposited  in  granubir  crystds. 

Atid  Compounds  of  GlycocoU,  Of  these,  two  series  are  known 
(p  18),  and  all  crystalUzo  well. 

Saline  Compounds  of  GlycocoU.  It  has  already  been  stated 
that  glycocoU  combines  with  many  salts,  and  these  compounds 
are  also  readily  obtained  crystalline. 

Ethyl  Amido-acHate,  CB..i;^n^COXMs  When  glycocoU  is 
heated  with  ethyl  imlide  and  alcohol,  the  compound,  CH^^NH^I) 
CO^CjHj,  is  formed,  crystallizing  in  rhomlic  prisms.  When 
its  aqueous  solution  is  heated  with  silver  chloride,  the  correspond- 
ing chloride  is  formed.  This  crystallizes  in  fine  needles  and 
*  Heitttx,  Ann.  Chetn,  P/tarm,  cxxii.  257;  crari.  213. 
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when  treated  with  wuter  and  silver  oxide  yields  the  ethyl  ether^ 
which  is  deposited  in  small  crystals,  and  in  aqueous  solution  easily*" 
decomposes  into  glycocoU  and  alcohol. 

Amido-Gbjcolamide,  CHjCNHJCOCNHg).  This  is  formed 
together  with  the  above-named  compound  by  the  action  of  a 
large  excess  of  alcoholic  ammonia  on  ethyl  chloracetate^  and  it 
is  formed,  though  in  less  quantity,  in  a  simitar  way  from 
glycocoll.  On  evaporating  the  solution  a  syrup  remains  which 
gradually  crystallizes.  Boiling  water  decomposes  it  into  glyco- 
coll and  ammonia. 

CH,  I 

513  Methyl' glycocoll,  or  Sarcosme,  CO        Ni 

\      / 

O 

body,  which  was  first  believed  to  be  an  alkaloid,  was  obtained  by 
Liebig  in  1847  as  a  product  of  the  decomposition  of  creatine 
(p.  98),  a  body  occurring  in  the  muscular  tissue.*  Volhard  then 
showed  that  this  compound  is  formed  when  ethyl  chloracetato 
is  heated  with  aqueous  methylaraine*-  It  is  very  soluble 
in  water,  has  a  sharp  but  sweet  taste,  and  crystallizes  in 
transparent  rhombic  prisms.  In  its  chemical  relations  it  closely 
resembles  glycocoll.  Its  platinum  salt  is  especially  characteristic. 
This  is  soluble  in  water,  and  crystallizes  readily  in  large  honey*^ 


^CE^^.    This 


I 


yellow  octohedrous,^ 

By  the  action  of  ethylamine  on  chloracetic  acid,  ethyl-glycocoll 
is  formed,  whilst  diothyhimine  yields  diethyl-glycocolL*  Both 
deposit  in  deliquescent  crystals. 

The  following  compounds  are  metaraeric  with  ethyl  glycocoll 
and  ethyl  amido-acetate,  U 

Ethyl  Glycolamide,  CH2(OC^H5)CO.NH3,  is  formed  by  the' 
action  of  ammonia  on  the  ethyl  ether  of  ethyl  glycollic  acid,^  and 
crystallizes  from  water  in  large  prisms  having  a  cooling  taste. 
These  melt  below  IQ0\  the  liquid  boiling  at  225°,  and  on  heat- 
ing with  pltosphonis  pentoxide,  the  nitiil,  ClIjfOCgHr/iCN,  ia 
formed,  an  aromatic  smelling  liquid  boiling  at  134-°^ — 135^* 

Glycol'fthjhmidc,    CH,(OH)CO.NH{C.HJ,    is    formed    by 
acting   With   etliylamine   on  ethyl  glycollate.      It   is   a   thick 
liquid  soluble  in  water,  boiling  at  about  250"^  (Heintz), 
310.  *  Ih.  cxxiii.  261, 


*  Ann.  Chem,  Pharm,  Ixii. 

*  Heintz,  ih.  cxxix.  33. 

*  Hdiitf,  il.  cxl.  218. 
«  Htnr)%  Bcr.  Ikutsch,  Chtm,  Oa.  vi-  25D  ; 


a69. 


*  Heintz,  ih,  cxxix,  27. 
Tschemittk  ami  Norton,  ib.  xii. 
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514  Trimcthyl-glycomll,  or  Betaine,   CO        N(Cnj,)3.     TMa 

O 
^ak  base  waa  first  obtained  by  Liehreich  by  careful  oxidation  of 
chaline.^  He  then  artificially  prepared  it  by  acting  upon  tri- 
methylamine  with  chloracetic  acid,^  and  termed  it  oxyneurine. 
Before  this  Scheibler  had  noticed  a  base  wiiich  occurs  in  the 
juice  of  the  sugar-beet  {Beta  tmlyaris),  which  he  afterwards  in- 
vestigated, and  to  which  he  gave  the  name  of  Bttaine,^  The 
identity  of  this  substiince  with  oxyneurine  was  proved  both  by 
himself  and  by  Liebreich.'* 

Trimethyl-glycocoll  is  found  in  Lycium  harbantm,  and  the  body 
got  from  this  was  formerly  believed  to  be  a  peculiar  alkaloid, 
described  under  tlie  name  of  Zt/ctTic.  Its  identity  with  betaine 
waa  shown  by  Husemann.^ 

In  order  to  prepare  betaine  a  slight  excess  of  lead  acetate  is 
added  to  the  beet  or  the  molassea  diluted  with  water,  the  pre- 
cipitate filtered  oflF  and  this  decomposed  by  dilute  sulphuric 
acid*  The  acid  solution  gives  with  phosphotuDgstic  acid  a 
precipitate  which  is  then  decomposed  with  milk  of  lime.* 

Betaine  crystallizes  from  alcohol  in  large  glistening  deliquea- 
t  crystals  containing  one  molecule  of  water,  which  is  evolved 

100^  In  its  chemical  relations  it  resembles  glycoculL  The 
chloride,  C^H^^^O^Cl,  forms  large  stable  monoclinic  crystals. 
It  combines  with  platinum  chloride  to  form  the  compc^und 
(C^Hi^NOJ^PtCl^j  +  2H2O.  a  body  deposited  in  large  yellow 
crystals  which  effloresce  on  exposure. 

Muscarine,  CH{OU)^,CB^^(C}l^/)Il,  m  found  together  with 
choline  in  a  toadstool,  fly  agaric  {Agaricus  muscarms)J  and  is 
formed  by  the  oxidation  of  the  latter  base  with  strong  nitric  acid.* 
The  free  base  has  a  strongly  alkaline  reaction  and  crystallizes 
in  thin  deliquescent  laminiB.  The  hydrochltjrlde  is  also  very 
deliqnesc^cnt,  and  forms  the  platinichloride  (Cj^H^^N0^)2PtClfl  + 
2HjO,  which  is  difficultly  soluble  in  water.  Muscariue  is  the 
poisonous  constituent  of  the  toadstool. 


1  Bn-.  Detdych.  Chem,  Qe$.  XL  IS.  '  76,  ii,  U1. 

«  lb,  ii.  292.  *  Ih,  iiL  155  and  161. 

»  ArcK  Pharm,  [.n],  vi.  21  fl  ;  Jahrtsh.  ]87ri»  828. 

•  S.e  FruLliiij2riind  Srlmlz.  Ber.  Dtitfsfh,  Chttn.  Oca,  x.  1070. 
'  Sell mie'iebtTg  and  Kopftc,  JahrtJib.  1870,  875. 

•  Schmiedcherg  and  Haniack,  ih,  1876,  S04. 
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CARBAMIDE  COMPOUNDS  OF  GLYOOLYL. 

5x5  Glycolyl-urea^  CO  |      ,  was   first    obtained  by 

\NH— CO 

Baeyer  as  a  product  of  decompositioti  of  uric  acid  and  allantoin, 
atid  termed  by  liini  Hi^(hantoln.  Ho  also  obtained  this  com- 
pound artiiieially  by  heating  alcoholic  ammonia  with  brotn acetyl 
urea,  a  body  prepared  by  acting  on  urea  with  bromacetyl 
bromide :  ^ 


CO 


/NH, 
\NH,CO.CH,Br 


>NH.CH, 
-f  NH3  =  CO^         I       +  NH.Br. 

\nh.co 


Glycolyl-nrea  is  easily  soluble,  especially  in  hot  water, 
depositing  in  large  but  not  well-formed  crystals.  These  have 
a  slight  sweet  t^iste,  and  melt  at  200°. 

Gh/coluric  Acid,  or  Hi/drantoic  Acid,  (NK^OO.^RCJl^.CO^Tl, 
The  barium  salt  of  this  acid  is  obtained  from  tho  foregoing 
compound  by  boiling  it  with  baryta- water.  This,  when 
deeomiKJsed  with  dilute  sulphuric  acid,  yields  glycoluric  acid, 
a  boily  cryatallising  from  hot  water  in  monoclinic  prisms.*  It 
is  also  formed  when  an  arjueous  solution  of  glycocoll  sulphate  is 
evaporated  witli  potassium  cyanate,^  or  when  glycocoll  and  urea 
are  boiled  for  some  time  with  baryta-water.* 

/N(CH,)-CH, 

Meiki/l'hydrantain,    CO  |      ,  was  first  obtained  as 

\nh CO 

a  product  of  decomposition  of  creatinine  (p.  99),  and  is  also 

formed  when   sarcosine  is    fused  with  urea*^      It   forms   dear 

crystiJa  wdiich  have  a  faint  acid  reaction  and  melt  at  143°, 

MctkyUiyilrmiMc  Add,  (NH,jC0(NCH3)CH,,C0,H.     If,  in 

atldition  to  its  usual  food,  such  a  quantity  of  aarcosine  be  given 

to  a  dog  that  the   amount  of  nitrogen  which  it  contains  bo 

exactly  equal  to  that  which  the  dog  excretes  daily,  uric  acid 

and   urea  completely  disappear,  and    in   their    place   mothyl- 

hydrantoic  acid  and  other  nitrogenous  compounds  make  their 

appearance.^ 

1  Amu  Chem.  Pharm.  cxjx.  168  ;  Btr,  Deuiach,  Chcm,  Qt$,  viiL  6U, 

'  Herzog,  Ann,  Chi-uu  PhartJt,  cxxxv'u  278, 

■  WisUcfntii,  ih,  clxv.  103. 

*  ni\iiiniiim  aud  Hoppe-Seylcr,  Ber,  XVitfjcA.  Chfin,  Of*,  vii,  34. 

»  Hupi>ert>  ih,  vi,  1278.  •  ScliuUzeD,  iA.  v.  578. 
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GLYCOLYL^UREA, 


T})e  same  acid  is  formed  when  sarcosioe,  potassium  cyanate, 

fli.iad    ammonium   sulphate   are   allowed   to   stand    together   im 

oxjtieaus  solution,  or  when  a  mixture  of  sarcosine  and  urea  is 

Vioiled  with  bai'j'ta- water. ^     It  crystallizes  from  alcoliol  in  trans* 

•piirent  needles.     When  heated  alone  it  is  converted  easily  into 

xnethyl-hydrantoin,  and  when  heated  with  baryta-water  under 

pressure   it   decomposes    with    furmatiou    of    carbon    dioxide, 

ammonia,  and  sarcosine* 

Glijtolyl  Th4(Hurea,  or  Sul^hohydrantoin,  CS  |      .     The 

\nh— CO 

cMoride  of  this  body  is  obtained  by  heating  thiocarbamide 
with  chloracetic  acid.  It  crystallizes  in  fine  prisma,  and  yields, 
on  treatment  with  alknlis,  the  thio-urea  which  crystallizes  from 
hot  water  in  long  gUsteiiing  needles.^  When  boiled  with 
baryta-water,  barium  thioglycoUate  together  with  dicyandi- 
aide  is  produced.*  According  to  Liebermaiin  and  Lange  it 
ears  probable,  from  this  decomposition  as  well  as  for  other 
reusoDS,  that  the  constitution  of  sulphohydrantoi'n  and  of 
mustard-oil  acetic  acid  (p.  91)  is  represented  by  the  following 
formula? :  * 


Glycolyl  Thio-nrea* 

HN=CS'         CO 
\      / 
NH 


MtuUrd-oil  Acfltio  Add. 

/      X 
0=CS  CO 


The  formation  of  the  latter  compound  from  thiocyanacetic  acid 
is  in  this  case  easily  understood. 


GUANIDINE  COMPOUNDS  OF  GLYCOLYL. 

516  Glycocyamine,  or  Guanidoacetic  Acid,  C^H^N^Oj,  was 
obtained  by  Strecker  by  heating  together  for  some  days  ac|ueoug 
solutions  of  glycocoll  and  cyanamide,  to  which  some  ammonia  had 
been  added.  ^  It  is  also  formed  when  glycocoll  is  heated  with 
guanidine  carbonate,^     It  is  dejjosited  in  small  crystals  which  are 


*  BauTunnii  arnl  Hoppe-Seyler^  loe,  ciL 

'  Volliur'J*  yhtn.  Ch^m,  rhnnn.  clivi,  383, 

»  >•   1' ^;.  I]rr,  Ikutjtch,  Chem,  Gen.  idu  1386. 

*  i  Hi.  1212  ;  J>ihrMK  1861,  o30. 

*  :>  1  Sieber,  Joum,  FraXL  Chan,  [2],  xvli*  477. 


*  Ih,  xiL  15S8. 
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difficultly  soluble  in  cold  and  more  easily  in  boiling  water  and 
insoluble  in  alcohol.  It  acts  at  once  as  a  weak  base  and  as  an 
acid,^  and  hence  in  the  free  state  it  may  be  considered  to 
a  salt ; 

CH,.NH.C  =  NH  CH,.NH.C  =  NH 


io-oJ 


CO.OH  NHg  CO— 0— NH3. 

Gfycocyamidiut,  or  G^colr/l  Guanidm^^  C^HgNgO,  is  formed  when 
glycocyamine  hydrochloride  is  heated  to  IGO**.  Its  constitution 
is,  therefore,  represented  by  the  following  fonnula  : 


\ 


CO.NH  / 


c -Na 


The  free  base  is  obtained  from  this  hydrochloride  by  boiling 
it  with  lead  hydroxide.  It  crystallizes  in  small  laminae,  easily 
soluble  in  water,  and  having  an  alkahne  reaction.  The  hydro- 
chloric acid  com  pound  is  also  very  soluble,  and  ft^rms  a  platini- 
chloride,  (C^H^NjO)2PiClg,  crystallizing  in  yellow  needles.  The 
zinc  double  salt,  (C5HQN30)gZnCl2,  is  a  characteristic  one,  being 
difficultly  soluble,  and  also  crystallizing  in  needles. 

Creative,  or  Methyl  Guanidoacetic  Acid,  C^H^NgOj. 

517  Creatine  was  first  found  by  Chevreul,^  in  1835,  in  the  juice 
of  flesh  {tcpia<^,  flesh),  and  examined  most  minutely  by  Liebig,  in 
1847,  in  Ids  celebrated  research  on  the  constituents  of  the  liquids 
of  flesh.^  It  is  found  in  the  flesh  of  all  vertebrates  and  also  in 
small  quantity  in  tlie  bmin  aud  blood.  The  flesh  of  game  and 
of  poultry  is  best  suited  for  ita  preparation,  as  this  appears  to 
contain  about  0  35  per  cent.  The  flesh  is  finely  cut  up,  freed 
from  fat  as  much  as  possible,  well  kneaded  several  tiraea  with 
its  own  weight  of  water,  and  the  liquid  well  pressed  out  in  a 
coarse  linen  bag.  The  iiqniil  is  then  heated  to  bi:)iling  to 
Beparate  the  albumen,  itc,  and  filtered.  The  phosphoric  acid 
which  is  ])resent  is  next  separated  by  the  addition  of  baryta- 
water  and  the  filtrate  evaporated  to  one-twentieth  its  hulk. 
The  creatine  crystallizes  out  on  standing,  a  small  quantity  of 
creatinine  present  being  removed  by  washing  with  alcohol. 

As  the  extract  of  meat  is  prepared  now  on  the  manufacturing 

^  Eiigel,  Bull.   Soc.  Chim,  [2],  xiiv.  274. 
*  J  nil,  Vfitm,  TAarm*  iv.  298. 
»  lb,  Ixii.  267, 
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lie,  this  may  conveniently  be  employed  for  i>reparing  creatine* 
It  is  dissolved  in  20  parts  of  water  and  acetate  of  lead  added 
so  long  as  a  precipitate  forms,  the  filtrate  treated  with  sul- 
phuretted  hydrogen  aad  the  solution  operated  up<jn  aa  above 
"lescribed.^ 

Creatine  has  been  artificially  prepared  by  Yolhaixl  by  heating 
alcoholic  solution  of  aarcosine  with  freshly  prepared  cyanamide 
>r  some  hours  to  100^^ 


CH2.N(CH3)H-     CuN 


NH, 


CH2.N'(CH3)C  —  NH 

io— 0 Na,. 


Creatine  dissolves  in  75  parta  of  cold  water  and  more  readily 

in    hot    water,   crystallizing    in    bright  glistening   transparent 

monoclinic  prisms  which  contain  one  molecule  of  water.     When 

heated  to  100*  they  become  opaque  from  loss  of  water.     It  has 

ii&untly  bitter  taste  and  is  not  soluble  in  absolute  alcohol  or 

ether.     IfVlien  boiled  with  baryta- water  it  decomposes  into  sar- 

coaine  and  urea,  and  when  its  aqueous  solution  is  heated  with 

mercuric  oxide,  oxaho  acid  and  methyl-guanidine  are  formed. 

Creatine  has  a  neutral  reaction,  but  combines  with  acids  as 
well  as  with  a  variety  of  salts,  in  this  respect  resembliog 
glycocoll    The  compounds  thus  obtained  usually  crystallize  well. 


Creatinine,  or  Methtl  Glycolyl  Guanidine,  C^H^N^O. 

518  This  body  was  first  obtained  by  Liebig,  who  heated  creatine 
in  a  current  of  hydrochloric  acid  to  100",  when  the  hydrocldoride 
of  a  "  true  organic  alkaloid  *'  is  formed.  Creatinine  sulphate  is 
easily  formed  when  creatine  is  evaporated  to  dryness  with  the 
calculated  quantity  of  dilute  sulphuric  acid.  By  decomposing 
this  with  baryta-water,  or  by  boiling  the  hydrochloride  with  an 
excess  of  oxide  of  lead  in  order  to  form  an  insoluble  basic  lead 
chloride,  a  solution  of  the  free  base  is  obtained. 

Creatinine  occurs  in  nature  in  human  urine  and  in  that  of 
."farious  animals,  and  from  the  first  source  it  can  be  readily 
ifiibtained  (Liebig).  Tlie  liquid  is  neutralized  with  milk  of  lime, 
chloride  of  caJcium  added  in  order  to  precipitate  the  phosphates, 
and  the  whole  evaporated  until  salts  begin  to  crystallize  out,  A 
concentrated  solution   of  zinc   chloride  is   then   added  to  the 


^  Mddcr  ftiid  MoQtliaan»  ZeiUch,  Chem,  186D,  Zih 


*  ^ahret^.  1868,  CSS. 
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motlier-liquor,  when  the  zinc  chloride  compound  alread>^C 
d(?scribeJ  slowly  sepamtea  out  and  is  decomposed  on  builing^- 
mth  water  and  an  excess  of  lead  hydroxide*^ 

It  is  perhaps  simpler  to  make  use  of  mercuric  chloride,  which    J 
also  forma  an  insoluble  compound  with    creatinine,  which   is 
easily  decomposed  by  sulptm  retted  hytlrogen.     Inst^^ad  of  human 
urine  tliat  of  the  horse  may  be  employed.^  fl 

Creatinine  is  tolerably  soluble  in  water,  difficultly  soluble  in  " 
alcohol,  and  deposits  in  anhydrous  monoclinic  crystals  which 
have  an  alkaline  reaction.      When  boiled   with   baryta-water, 
ammonia  and  methyl  hydrantoin  (p.  96)  arc  formed : 

^C-NH  +  HgO^-   I       \cO  +  NHj. 
30. NH  CO.NH 

Creatinine   in  aqueous    solution   readily   undergoes    ch 
passing  into  creatine.  This  takes  place  more  quickly  if  ammonia, 
lead  oxide,  or  other  bases  be  present. 

Sfdts  of  Creaiiniiu.  Creatinine  is  a  strong  base  decomposing 
ammonium  salts.  The  hydrochloride,  C^HgN^OCl,  crystallizes 
from  hot  alcoliol  in  short  transparent  prisma,  and  from  water, 
in  which  it  is  v^ry  soluble  in  tninspareiit  scales.  The  platini- 
chloride,  (C^HgNgO)^PtCI^,  forms  yellowish -red  granular  crystiUs, 
or  orange-red  prisms.  The  sulpliate,  (C^H^N^Oj^SO^,  crystallizes  ^ 
from  hot  alcoliol  in  transparent  quadratic  tables.  I 

CWatinim    Zinc    Chloride,    (C^If,N^O)2ZuCl2,   forma    oblique 
rhombic  prisms  or  small  needles  that  form  warty  concretions*  _ 
It  is  difficultly  soluble  in  water  nnd  almost  insoluble  in  strong  I 
alcohol.      It  forma   with  hydrochloric   acid    an    easily    soluhle 
compound,  (C^HyNjjOCl)2ZoCl2,  which  crystallizes  well. 

Creatinine  also  forms  well  crystallized  compounds  with  other 
salts.     These  have  been  especially  studied  by  Neubauen 

Creatiuioe  forms  with  ethyl  iodide  the  compound,  C^H^NgO 
(CgHg)!,  crystallizing  in  long  glistening  needles,  and  this  is  con- 
verted by  the  action  of  moist  silver  oxide  into  the  corresponding 
strongly  alkaline  hydroxide.* 


I 


*  Henbaner,  Ann,  (Jftem, 
■  Mftlv,  ib,  clijt.  270. 
1  KeiiWer,  ih.  cxz.  257. 


Pharm,  cxix.  37, 


PHOSPHOBUS  COMPOUNDS  OF  GLYCOLYL. 


Phosphorus  CoMPouyDs  of  Glycoltl, 


519     Phosphortriinethyl    Glycocoll, 


or     Phosplior  -  Seiaine, 


CO^       '   P(CH,)^    The  hydrochloride,  COg,CH..P(CH3)3HCI, 
\  0  / 

of  this  body  is  formed  by  the  action  of  trimethy!  phosphine  on 
mooochloracetic  acid.  It  is  very  deliquescent,  as  is  the  base 
obtained  from  it  by  means  of  silver  oxide.  The  platini- 
chloride  separates  out  from  hot  water  in  large  orange-red 
rhombic  crystals,* 

PiiosphoT-Ethijl-Beialm,  CO  P(CjHJjj,   was  first    pre- 

\  0  / 
pared  by  Hofmann  by  the  action  of  triethyl  phosphine  on 
chloracetic  acid^-  and  afterwards  exactly  investigated  by  Letts,* 
It  is  also  very  deliquescent,  and  contains  wat-er  of  crystalliza- 
tion, which  it  gives  off  slowly  in  a  vacuum  over  sulphuric 
acid.  If  the  aqueous  base  be  heated,  it  is  transformed  into 
the  isomeric    acid-carbonate  of  methyl-triethyl   phosphonium, 

'-*^10P(C,HJ,CH3. 

The  nitrate  crystallizes  in  needles,  has  an  acid  reaction, 
and  is  not  deliquescent ;  the  platinichloride  forms  large  crystals 
tolerably  soluble  in  hot  water.  The  salts  decompose  on  heating 
into  carbon  dioxide,  and  the  salts  of  methyl-triethyl-phosphu- 
Bium,  and  in  this  respect  they  resemble  the  the  tine  salts,  and 
Out  those  of  bctaine,  which  either  sublime  or  are  decomposed 
into  trimethylamine  and  substituted  acetic  acid. 


THE    OXALYL    COMPOUNDS, 

The  Aldehydes  op  Oxalic  Acid. 

530  Oxalic  acid,  being  a  dibasic  add,  forms  two  aldehydes ; 


n) 

GlyoxaU 

COH 

I 
COH. 


(2) 

Glyoxyllo  Acid. 

COH 


Ao 


oa 


^  A«  IL  Keyer,  Bit,  Ikiutaek,  Chem,  Gts.  it.  734. 

*   /'roc.  Ihy,  Soc.  xi,  630. 

»  /^.  Ediu.  1860-1881,  40 ;  luid  Neabauer,  Atm*  Chem^  Phurm,  cxix,  87  j  c».  J157. 
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These  bodies,  discovered  by  Debus,  are  formed  together  with 
oxalic  and  glycollic  acids  when  alcohol  and  various  other  com* 
pouuds,  such  as  glycol,  aldehyde,  &c.,  are  oxidized  with  nitric 
acid.^ 

Glyoxal^  or  O^ralahhlnjiU^  C^H^Oo*  According  to  Ltibawin  the 
following  is  the  best  mode  of  preparing  this  body.  Into  a  glass 
cylinder,  having  a  capacity  of  250  cc*,  are  poured  in  separate 
layers,  by  means  of  a  tube-funnel  which  reiiches  to  the  bottom, 
first  C4  cc.  of  nitric  acid,  of  speciJic  gravity  1  37,  which  Las 
been  mixed  wnth  2  3  cc.  of  the  fuming  acid,  then  20  cc,  of 
water,  and  lastly  60  cc.  of  aqueous  aldehyde  of  50  per  cent. 
The  whole  is  allowed  to  remain  at  the  temperature  of  the  air 
for  four  to  five  days,  and  then  the  liquid  evaporated  on  a  water- 
bath,  when  almost  perfectly  pure  glyoxal  remains.  In  order  to 
purify  it  fuither,  it  is  shaken  with  a  concentrated  solution  of 
hydrogen  sodium  sulphite,  when  a  compouod,  haviug  the  com- 

CH(0H)S03Na 
position    I  is  formed,  depositing  in  small  hard 

CH(OH)SO,Na. 
crystals,  which  may  be  purified  by  crystallization  from  solution 
in  water.  By  double  decomposition  with  barium  chloride,  the 
corresponding  barium  salt  is  obtained.  This  is  but  difficultly 
soluble  in  water,  and  yields,  on  decomposition  with  dilute  sul- 
phuric acid,  a  solution  of  glyoxal,  this  compound  remaining  on 
evaporation  as  an  amorphous  deliquescent  mass.  Glyoxal  pos- 
sesses the  chfuracteristic  properties  of  an  aldehyde,  and  reduces 
ammoniacal  silver.  By  the  action  of  lime  or  baryta  it  is  easily 
converted  into  glycoliic  acid : 

COH,COH  +  H^O  =  CH^(OH).C0.OH. 

Hence  both  oxidation  and  reduction  occurs.  The  aldehydes 
of  the  monobasic  acid  exhibit  a  similar  reaction,  but  in  this  case 
one  molecule  of  alcohol  and  one  of  monobasic  acid  are  produced. 
If  an  acetic  acid  solution  of  glyoxal  be  saturated  with  hydro- 
chk>ric  acid,  hexglyoxal  hydrate,  C^gHj^^^,  or  Ci^Hj^O^g  -f  H^O, 
is  formed.  This  is  an  amorphous  powder  resembling  starchy 
dissolving  in  strong  acids  or  boiling  alcohol.^ 

If  glyoxal  be  warmed  with  aqueous  ammonia  to  from  GO*'  to 
70°,  the  following  two  singular  basic  compounds  are  formed 
(Debus): 

*  DebTis.  Ann.,  Chtm.  Flarm,  t*  S  j  cil  20  ;  crii.  199  ;  ox,  31ft  ;  cxviiu  253 ; 
ckilf*  *6.  t'Lvxii.  1  ;  Lubiiwirip  Btr,  Deuf^ch.  Cke7n,  Ges^  viil  76S ;  x.  13Ut5. 
^  H.  iscliilT,  Ann.  CJum,  tharm.  cbudi.  1. 
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5^1  Glyojcalin,  C^U^VQiH),  is  tlie  chief  product;  it  is  a  body 
easily  soluble  in  water,  and  crystallizes  in  fine  prisms,  possess- 
ing a  faint  lisli-Iikc  smell ;  it  fuses  at  88** — SO",  and  boils  at 

166*,  aiid  its  vapour  density  is  2'35>  With  ackls  it  forma 
neutml  crV'^taUizable  salts.  It  cod  tains  one  atom  of  hydrogen 
capable  of  replacement  by  silver  as  well  as  by  alcoliol  radicals. 
It  is  not  oxidized  by  a  solution  of  chromic  acid,  and  reducing 
agents  are  also  without  action  upon  it.  Bromine  converts 
it  into  triltromoxalin,  C^Br5N(NH),  crystallizing  from  alco- 
hol in  silky  needles,  possessing  a  distinctly  acid  character, 
and  remarkable  as  being,  with  the  exception  of  hydrocyanic 
acid,  Uie  only  acid  containing  carbon  which  dues  not  contain 
oxygen  or  sulphur.  In  the  formation  of  glyoxalin,  formic  acid 
is  produced,  and  hence  it  is  produced  according  to  the  following 

Teaction : 

2CaHp2  +  2NH3  =  C^H.Ng  -f  CH2O2  +  2Ufi. 

Its  constitution    is  not  positively  known,  but    it   is  probably 
represented  by  the  following  formula : 


HN-CH, 

Olycosin,  C<|HqN^,  is  formed  in  smaller  quantities  than  the 
preceding  compound.  It  crystallizes  in  needles  which  on  heat- 
^^  Tolatihze  without  melting;  it  is  scarcely  soluble  in  cold 
*^ter,  and  is  difficultly  soluble  in  hot,  and  forms  Siilts  which 
^^T'stalhze  well  Its  constitution  is  probably  similar  to  that  of 
lAeacmethylenamine  (p.  26),  but  with  the  difierence  that  in- 
of  the  six  diad  methylene  groups  it  contains  three  tetrad 
groups,  CjjH^ 

5^2  Gh/avylie  Acid,  or  Glyoxalic  Add,  CHO.CO^H  +  H^O,  or 
CH(0H).,,C02H.     Debus  gave  to  this  body  the  first  of  these 

IWftnulae^  but  tbe  latter  formula  is,  as  Duppa  and  Ptrkin  ^  have 
^Wn,  the  more  probable,  as  the  acid  and  all  its  salts  (with  the 
exception  of  the  ammonium  compound,  which  does  not  behave 
tt  &  salt),  must,  according  to  the  tirst  formula,  contain  one 
wlecule  of  water  which  cannot  be  removed  without  decom- 
posing the  compound.  Glyoxylic  acid  has,  accordingly,  a  con- 
stitution similar  to  that  of  chloral  hydrate. 

*  Wysa,  Bft.  Difutach.  Chm%,  Oct.  ix.  1543  \  x.  1305. 
'  Jourti,  Vftcitu  Soc,  xxL  197, 
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In  order  to  prepare  glyoxylic  acid  it  is  best  to  start  from 
dibromacetic   acid,  which  is  easily  obtained  by  tlie  action  of 
bromine  upon  acetic  anhydride.     When  its  silver  salt  is  boiled  I 
with  water,  equal  molecules  of  glyoxylic  acid  and  dibromac43UO  J 
acid  are  fonned : 

SCjjHBr.O^Ag  +  aHp  -  C^H^^  -h  aH^Brp,  +  SAgBr, 

If  the  liquid  be  now  neutralized  with  silver  --irk  in  ate,  and 
again  boiled,  the  following  reaction  takes  place  : 

C^H^O.Ag  +  G^BBTfl.jLg  +  SH^O  =  2C,H,0^  +  2AgBr. 

Bottinger  has   fully  described   the  preparation  of  this  acid] 
from  alcohol  and  nitric  acid.^ 

Glyoxylic  acid  is  very  easily  soluble  in  both  water  and  alco-l 
hoi,  aiid  crystallizes  in  small,  ill-defined,  probably  monoclinicj 
prisms,  which  taste  like  tartaric  acid,  melt  on  heating,  buti 
cannot  be  distilled  without  decomposition.  This  body  possefsesl 
all  the  properties  of  an  aldehyde.  It  forms  crystalline  com*^ 
pounds  with  the  sulphites  of  the  alkali  metals,  such  as  the 
sodium  salt,  CH(OH)S03Na,C02Nai  it  reduces  ammoniacali 
silver  solution,  and  when  brought  in  contact  with  strong  bases^itl 
forms  a  mixture  of  oxalic  acid  and  glycollic  acid,  whilst  naacen^ 
hydrogen  reduces  it  to  glycollic  acid. 

Potas&imn  Glyoxijlate,  CgHjjKO^,  is  an  easily  soluble  crystalline 
powder,  which  begins  to  decompose  at  100^ 

Calcium  Glyoxylaie,  (C2H30^)2Ca,  is  difficultly  soluble  in  cold 
water,  and  crystallizes  in  hard  prisms* 

When  decomposed  by  ammonium  oxalate,  or  when  glyoxyhc  acid 
is  neutralized  by  ammonia,  and  the  solution  obtained  by  eithei 
method  allowed  to  evaporate  in  a  vacuum,  it  becomes  acid,  and 
small  prisms  separate  out,  which  also  have  an  acid  reaction  aftc 
recrystallization.  Debus  considers  this  compound  to  be  th€ 
normal  ammonium  salt,  but  according  to  Perkin  it  is  an  acidj 
the  constitution  of  which  corresponds  to  that  of  aldehyde 
ammonia : 


CH 


/OH 


I 


\NHj 


or 


O.OH 


*  Perkin.  JmtT7%*  Chem.  Soe.  1S77,  Si.  90. 
'  Liebtg  8  Ann,  cxcvUi  206. 
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Silver  Gl}fCanjlate,  C^HjAgO^,  is  a  difficultly  soluble  crystalline 
!|Nmcier,  which  soon  blackerwi  on  expjsure  to  light, 

Didhyl  Glyoxylk  Acid,  QHiS>CM^).^.C(X^\i.  The  sodium 
salt  of  this  acid  was  obtained  by  Fischer  and  Geuther  *  by 
heating  tetrachlorethylene  with  sodium  ethylate^  when  ethyl-di- 
chloracetate  is  fonned  as  an  intermediate  product,  so  that  the 
salt  is  most  simply  got  by  heating  dichloracetic  acid  with  on 
alcoholic  solution  of  sodium  ethylate,*  When  it  is  decomposed 
by  dilate  sulphuric  acid,  and  the  liquid  shaken  with  ether»  the 
acid  is  taken  up^  and  on  evaporating  the  ethereal  solution,  it 
remains  behind  as  an  oily  liquid  which,  in  contact  with  water, 
is  easily  converted  into  alcohol  and  glyoxylic  acid. 

The  ethyl  ether.  CH{OC2H5)^C03(C,H5),  is  obtained  by  heat- 
ing with  ethyl  iodide,  and  it  is  also  formed  when  glyoxylic  acid  is 
heated  with  absolute  alcohol  (Perkin).  It  is  a  highly  refracting 
ii(]uid,  possessing  a  fruity  smell  and  burning  taste,  and  boiling 


OXALIC  ACID,  C^Hp,. 

523  This  acid  occurs  as  the  hydrogen  potassium  salt  in  a  variety 
of  plants,  such  as  the  wood-sorrel,  Oxalis  avctoftiUa,  and  in  other 
eiM^cies  of  oxalis  and  rumex»  From  the  older  names  of  tliese 
(aoetosa,  acetosella)  it  would  appear  that  in  former  times  they 
wene  belie ve<l  to  contain  acetic  acid. 

Ax  the  beginning  of  the  seventeenth  century  the  salt  obtained 
from  tlie  above  plants  was  considered  to  be  a  kind  of  tartar^ 
and   itii  preparation  was  minutely  described  by  Boerhave  in  his 
Elrnimta  Chanim}     It  was  afterwards  more  cuiiipletely  inves- 
tigated by  F*    P,  Savary,  whose  IHssertatio  de  safe  metoscllm 
'ifH  nred  in  1773,  but  still  the  nature  of  the  acid  which  it  con- 
^'^  I ».d  remained  a  matter  of  doubl     Its  special  characteristics 
were  first  pointed  out  by  Wiegleb  in  1770,  who  discovered  the 
fact  that  it  has  the  power  of  rendering  lime-water  turbid, 

In  1776  Scheele  obtained  an  acid  by  acting  with  nitric  acid 
upon  sugar ;  and  this  was  further  investigated  by  Bergman,  and 
<lf.?(Tihed  in  his  IHsscrtaiio  de  acido  sacchari,  published  in  1776. 
-Aiaougst  other  remarks  he  there  states  that  this  acid  cannot 

^  Jft^ier  ZtiitcK  Chem.  I  54  ;  Geutherand  Brocldioff,  Journ,  Fralt.  CTiem.  [2!, 
'  9cVt«ibrr,  ZfiUrh.  Chem.  1670,  IG 7.  •  Tpmua  Bi'dindua,  \y,  87. 
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only  be  obtainecl  from  a  variety  of  bodies  containing  sugar,  but 
also  from  meal,  gtim,  and  other  vegetable  matters,  and  that,  on 
heating,  a  part  of  thi'  acid  sublimes,  whilst  another  paH  yields  a 
gas,  half  of  which  consists  of  fixed  air,  and  the  other  of  an  air 
whicli  burns  with  a  blue  flame. 

The  acid  obtained  from  sugar,  and  that  obttuned  from  the 
various  varieties  of  oxalis  were  usually  supposed  to  be  diflferent 
substances,  until  Scheele  in  1784  sliowed  that  they  are  identical 

Oxalic  acid  was  first  naturally  considered  to  be  an  organic 
acid,  but  as  it  was  found  that  many  of  its  salts  contained  no 
hydrogen,  this  acid  was  for  a  long  time  classed  as  an  inorganic 
compound,  and  looked  upon  as  the  hydrate  of  the  hypothetical 
carbon  sesquioxide,  CgOg.  which  was  termed  anhydrous  oxalic 
acid. 

Various  salts  of  oxalic  acid  occur  in  nature,  and  these  will  be 
mentioned  in  their  proper  place.     In  the  free  state  it  occurs  in 
Boletus  igniariuB,  and  also,  according  to  some  observers,  in  t 
juice  of  the  cliick-jiea. 

Oxalic  acid  is  obtained  synthetically  in  a  variety  of  ways. 

(1)  In  the  first  place  it  occurs  when  the  formate  of  an  alkali- 
metal  is  gently  heated :  * 


"^ 


H.CO.OK 

H 

CO.  OK 

=. 

1 

+ 

1 

H.CO.OK 

H 

CO.OK. 

(2)  Its  ammonium  salt  is  formed,  together  with  other  pr 
ducts,  when  an  aqueous  solution  of  cyanogen  is  allowed  to  i 
for  some  time : 


+     4H,0     = 


CO.ONH, 
CO.ONH,. 


Hence  cyanogen  is  the  nitril  of  oxalic  acid,  or  of  di4:af 
(diuxalyl). 

(3)  The  formation  of  oxalic  acid  from  carbon  dioxide  ^  is  of 
special  interest,  If  this  gas  he  passed  over  sodium  heated  to 
3G0'^  and  finely  divided  with  sand,  sodium  oxalate  is  formed  ; 

2CO2    +     Naj    =     Cp.Nay 

The  potassium  salt  may  be  obtained  in  the  same  way  by 

^  Ihimiia  and  Stiia,  Ann,   Chem,  Pharm,  xxxv.  137;  P^ligot,   Ann,    Ckim, 
Phys,  \2],  Ixxiii.  22(1  ;  Edenrat-yer  aud  Gutsrhow,  Chem.  CmtralL  1808, 
*  Da*cWl>  Ann,  Vhcin,  Phann.  cxlvi  liti^ 
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making  use  of  a  boiling  potassium  amalgam  containing  2  per 
cent,  of  tills  metaL 

524  Oxalic  acid  is  not  only  an  oxidation-product  of  glycolli(5 
acid,  but  also  of  most  of  the  members  of  tlie  group  of 
fatty  bodies,  as  also  of  tlie  allied  group  of  b<xHes  containing 
less  hydrogen.  These  lx>dies  all  yield  oxalic  acid  iis  a  final  product 
when  treated  with  nitric  acii  Next  to  carbon  dioxide,  oxalic 
acid  is  the  carbon  compound  which  contains  most  oxygen, 
any  organic  bodies  also  yield  oxalic  acid  when  they  are  fused 
Hth  caustic  potash*  Acetic  acid  is  only  difticultly  oxidized  ty 
nitric  acid,  but  in  alkaline  solution  it  }4elds  large  quantities 
of  oxalic  acid  when  treated  with  potassium  permanganate. 

Manttfadure,  Scheelo  first  obtained  oxalic  acid  by  precipitating 

&dt  of  sorrel  with  acetate  of  lead,  and  decomposing  the  product 

i»ith  sulphuric  acid.     In  place  of  this  method,  the  oxidation  of 

cane-sugar  was  afterwards  employed  for  the  preparation  of  oxalic 

cid  on  a  large  scale.     For  this  purpose  S  parts  of  nitric  acid  of 

cific  gravity  1*38  are  gradually  added  to  1  part  of  sugar,  the 

mixture  heated  to  the  boiling  point,  and  the  liquid  then  evaporated 

to  one*sixth  of  its  bulk,  and  allowed  to  cool.     The  acid,  whi^h 

crystallizes  out,  is  purified  by  rc-crystallizatiun.  Instead  of  refined 

sugar,  a  cheaper  material,  such  as  brown  sugar,  molasses,  sUirch- 

ffogar,  or  starch,  may  be  employed,  and  the  fumes  of  the  oxides 

of  nitrogen  evolved  may  be  utilized  either  by  passing  them  into 

Ik  ^iilpburic  acid  chamber,  or  they  may  be  again  converted  into 

iki^ric  acid  by  contact  with  air  and  water. 

This  mode  of  making  oxalic  acid  is,  however,  no  longer  in  use. 
Id     the  year  1829,  Gay-Luasac  found  that  when  cotton-wool, 
aa^Tvdust,  sugar,  starch,  gum,  tartaric  acid,  and  other  bodies  are 
bused  with  caustic  potash,  oxalic  acid  is  formed.*      The  first 
e5c:j>erimeuts  for  utiliadng  this  reaction  on  the  large  scale  were 
mci.cje  by  Mr,  John  Dale  of  Manchester,  by  whose   skill  and 
pei-sevemnce  the  practical  difficulties  inherent  in  the  working  of 
tfie  process  were  successfully  removed,  leading,  in  1856,  to  the 
'   i;-  by  his  firm  of  a  process  for  the  manufacture  of  oxalic 
fft'  u  sawdust     Gay-Lussac  suggested  that  cream  of  t^irtar 

shtnild  be  employed  for  the  preparation  of  oxalic  acid,  and  at 
t\ie  tinie  this  suggestion  was  a  practical  one,  as  this  substance 
vits  much  cheaper  than  oxalic  acid.     Mr.  Dale  found  that  saw- 
dust was  the  best  material,  and  that  the  caustic  potash  cannot 
be  replaced  in  the  reaction  by  its  cheaper  substitute,  caustic 
»  Ann,  Chim,  Ph^s,  xll  593. 
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soda,  as  this  latter  alkali  gives  Vut  a  very  small  yield.     Caustic 

potash  was,  however,  then  too  dear  to  permit  its  employment  oni 
the  large  scale.  If^  however,  one  molecule  of  pjtash  and  two] 
molecules  of  soda  be  used,  one  part  of  the  crystallized  add  * 
can  be  prepared  from  two  parts  of  sawdust.  For  this  purpose  a 
solution  of  the  alkalis,  having  a  specific  gravity  of  1  '35,  is  used, 
and  to  this  sufficient  sawdust  is  added  to  profluce  a  thick  paste, 
which  is  then  spread  on  to  iron  plates  and  gradually  heated.  At 
first,  water  is  given  off,  the  mass  then  swells  up  and  disengages 
a  quantity  of  inflammable  gas,  consisting  of  hydrogen  andl 
hydrocarbons,  a  peculiar  aromatic  smell  being  at  the  same  timei 
noticed.  After  the  temperature  has  been  maintained  at  20U* 
for  fiom  one  to  two  hours,  this  part  of  the  process  may  be  con- 
sidered to  be  complete.  The  whole  of  the  womly  fibre  isj 
decomposed,  and  the  mass,  Tvliieh  has  a  dark-brown  colour,  isi 
entirely  soluble  in  water,  but  it  contains  only  from  1  to  4  per  cent 
of  oxalic  acid,  0'5  per  cent,  of  formic  acid,  and  no  acetic  acid.  The-^ 
mass  is  now  exposed  still  longer  to  the  same  temperature,  great  | 
care  being  taken  to  avoid  any  charring,  which  would  cause  a  losdl 
of  oxalic  acid,  atid  as  soon  as  the  mass  has  become  dry  the4 
operation  is  complete.  The  product,  which  contains  about  20  per ^ 
cent,  of  anhydrous  oxalic  acid,  combined  of  course  with  alkali,^ 
is  then  treated  with  warm  water,  when  the  excess  of  alkali  and 
the  salts  of  potash  and  soda  are  dissolved  with  the  exception  of 
the  difficultly-soluble  oxalate  of  soda,  which  ftdls  to  the  bottom.'^f 
The  purpose  served  by  the  soda  is  here  apparent.  The  super- 
natant Hquor  is  drawn  off  and  evaporated  to  dryness,  and  the 
residual  mass  heated  in  a  furnace  in  order  to  drive  off  the 
organic  matter  and  recover  the  alkalis  which  it  contains,  and 
which  are  again  employed,  after  having  been  causticized,  for 
acting  on  fresh  sawdust^     The  oxalate  of  soda  is  decomposedl 

^  Tht?  proper  ti«m  between  the  two  alkalia  in  this  material  is  of  conree  diflTerei]. 
from  thnt  cuiitiiiiK'il  in  t!a*  original  mixture.     Jn  onUf  to  bring  tliein  niiickly  inta 
work  ft),^in»  it  isi  necf&iMvr^"  to  have  ti  mpid  tnt  tlioii  by  whicli  their  relative  timoutit 
can  be  detenninotl.  A  series  of  exporimunts  led  Dak  to  the  fullowiiiR  simple  metho 
of  auttlyius.     A  givio  volome  of  the  aohition  in  neutmlued  with  tartaric  oeitl  c 
known  strt^ngth,  and  then  an  ei^Qol  vohimo  of  tlje  acid  ttfterwarda  udded,  whe 
acid  potasaiun^  tartrate  la  thrown  down»  its  predpitation  Imiifi  aided  by  stirriDg^l 
In  order  to  obtain  exact  results,  the  solution  thus  obtained  of  the  ncid  sodiam  tar- 
trate njuat  he  nearly  tatnrated,  or  ita  up^cilic  gravity  muHt  he  1  "00.     Accordinjy 
ta  Dah'j  <Ti*aTn  of  tartar  doea  not  dissolve  apnreciably  in  a  solntion  of  acid  aoUium 
tartrntc  if  thtj  speeiRc  gfrnvity  does  not  fall  bolow  V03.     If  perfectly  accnrat«^^_ 
results  ar^  requirtid,  the  precipitate  mnst  be  wtwhed  with  dilute  alr-ohol.     When/^l 
the  ftcid  potassium  salt  (cr^-am  of  tartiir)  is  separated    out,  it  is  filtered  oft'  and^l 
washed   With   a  small  ipiantity  of  water.     The  filtrati  is  treated  with  standanl 
soda,  the  amount  of  this  alkali  used  l>cii]^  e^oal  to  that  contained  in  the  origlual 
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by  boiling  with  milk  of  lime,  when  caustic  soda  and  insoluble 
calcium  oxalate  are  formed.  The  calcium  salt  is  then  decom- 
posed by  sulphuric  acid,  the  liquid  separated  from  the  gypsum 
and  eraporated  to  crystallization.^ 

Other  manufacturers  use  a  mixture  of  equal  molecules  of  the 
t  wrj  alkalis,  or,  as  is  now  common,  only  caustic  potash,  as  potash 
5Alt^  are  now  so  much  cheaper  than  formerly,  A  complete 
aeries  of  experiments  made  by  William  Thorn "  have  shown 
that  when  spretd  in  thicker  layers,  the  yield  is  larger  the  greater 
the  proportiuii  uf  potash  to  soda*  When  thinr^^r  layers  are  em- 
ployed the  yield  is  still  better,  but  this  remains  constant  whether 
Dale*s  proportions  are  employed  or  caustic  potash  alone  is  used. 
This  observation  was,  however,  made  long  ago  by  Mr.  Dale. 
Tlie  kind  of  sawdust  employed  is  of  importance.  Hard  woods 
yield  less  acid  than  soft  woods,  such  as  poplar  and  the  coniferas, 
and  35  pine  sawdust  is  common,  this  is  almost  universally 
employed. 

525  I^opertus.  Oxalic  acid,  C^H^O^  +  2Hp,  crystallizes  readily 
in  monoclinic  prisms.  It  is  easily  soluble  in  water  and  alcohol, 
and  its  acid  taste  is  more  powerful  than  that  of  any  of  the  other 
organic  acids.  It  decomposes  calcium  fluoride,  many  chro mates, 
and  the  phosphates  and  arsenates  of  several  of  the  heavy  metals 
(BerthoUet)*  When  heated  with  common  salt,  hydrochloric  acid 
is  given  off;  sodium  nitrate  is  likewise  attacked  by  oxalic  acid, 
add  fiodium  oxalate  being  formed  in  both  cases. 

Like  all  strong  acids,  oxalic  acid  acts  in  large  doses  as  a  poison* 

Accidental  poisoning  M^th  oxalic  acid  usually  results  from  its 

being  mistaken  for  Epsom  salts.     In  small  doses,  however,  it  is 

tiuite  harmless,  as  is  seen  from  the  fact  that  it  is  contained  in 

garden  rhubarb,  and   many  oilier    plants   frequently  used   as 

articles  of  food.     Doses  up  to  one  gram  given  to  a  dog  did  not 

H   produce  any  visible  evil  effects,*  nor  was  any  effect  nuticed  in  a 

^Liog  to  which  twelve  grams  of  normal  potassium  oxalate  were 

HBbsiimstered  for  several  days  (Dale)* 

W    Uqnv^      T^'  •  n.'id  tartrate*  of  potafih  U  next  thrown  into  water^  tcf^r'ther  w-ith  the 
Uh  4    the  whole   titrati'd  with   caustic  potash ,    and   the  umotmt  of 

c»u^       ^  contained  in  the  mixture  thus  directly  obtauntl.     Cymjtanitive 

rxpt^rimeuU  witli  mixtures  containing  known  quanlLiii^  of  thi'  two  nlkalig  showed 
^    thftt  this  process  which  is  a  very  qnick  one,  vieUls  aceurafe  results.     (AVe  are 
indebted  to  Mr.  Dale  for  these  particttlaia,  whicn  i 
time.) 

V    c,.ui>    .r.,]  T^oicop.  EepcTiBrU,  Assoc.  1861.  120, 
>'l,  ii.  410, 
i:_—    ,  "^  [3],  liii.  544, 
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The  crjstailizcd  acid  gradually  lo9^  its  wmter  of  crystalltza- 
tion  when  placed  over  sulphuric  acid ;  and  when  heated  to  100** 
it  Calk  to  a  white  powder  which  suhlitnes  in  wliite  needles  at 
185*,  a  portion,  however,  undergoing  decomposition  into  carhon 
dioxide  and  formic  acid,  or  into  carbon  monoxide  and  water,  the 
products  of  decomposition  of  the  latter  acid.  At  higher  temper- 
atures this  decomposition  is  complete.  If  the  crjstalUzed  acid 
be  allowed  to  remain  in  contact  with  sulphuric  acid,  glistening, 
strongly-refracting  rhombic  pyramids  of  the  anhydrous  acid 
separate  out,  and  these  must  be  quickly  dried  with  filter  paper, 
and  washed  with  ether,  as  they  quickly  take  up  water  and  fiill 
to  powder.* 

The  commercial  acid  always  contains  alkalis.  In  order  to 
purify  it,  the  solution  is  warmed  for  some  time  to  40^  allowed 
to  stand  for  six  hours  in  a  cool  place,  filtered,  the  filtrate 
evaporated  to  two-thirds,  and  well  stirred  during  the  cooling. 
The  acid  which  separates  out  is  then  washed  with  cold  water 
and  crystallized  a  secf^nd  time  from  boiling  water.^  An  acid 
perfectly  free  from  alkali  is  best  obtained  by  sublimation,  or  by 
the  decomposition  of  the  pure  methyl  or  ethyl  ether  with  wmter. 

526  The  anhydrous  acid  is  not  attac^ked  by  chlorine,"  but 
it  decomposes  if  water  be  present,  hydrochloric  acid  and  carbon 
dioxide  being  formed  (Dobereiner).  It  may  be  crystallized  from 
hot  nitric  acid,  but  when  heated  w*ith  nitric  acid  of  specific  gravity 
I '4  for  some  hours  to  I6(f — 180**,  oxalic  acid  is  completely  con- 
verted into  water  and  carbon  dioxide.*  It  also  suffers  a  similar 
oxidation  at  ordinary  temperatures.  It  is  only  slowly  oxidized  in 
aqueous  solution  in  presence  of  the  peroxides  of  lead  and  of 
manganese  (Manganese  Evaluation,  see  YoL  IL  Part  IL  p.  26). 
If  the  anhydrous  acid  be  rubbed  up  with  five  times  its  -weight 
of  lea^l  dioxide  the  w^hole  mass  becomes  incandescent.  Oxalic 
acid  precipitates  finely  divided  gold  from  solution  of  the  chloride 
quickly,  especially  wlien  heated  (Pelletier),  and  it  also  decom- 
poses platinic  chloride,  but  only  in  the  sunlight  (Dobereiner), 

An  acidified  solution  of  potassium  permanganate  decomposes 
oxalic  acid  according  to  the  following  equation  :  ^ 

2KMuO,  +  3H,S0,  ^-  5C^H.,0,  =  K.SO,  +  SMnSO,  4  10CO„ 

+  SHp. 

*  Baiclmrdt,  Jcnaer  ZeUsch.  i.  244. 
'  Sifliolil^  rfmrm.  Joitnt,  Trans,  [3],  ri.  441, 

*  Wohlfr  and  Hullwaehs,  An^i,  Chcm,  Pkarin.  kcv 

*  Krlciimoycr,  LigrI,  cmX  Wi\\^  ih.  clxxx.  *i20« 
'  V^ruon  Hflxcourt,  Journ,  C/am,  Soc,  [2],  v,  460, 
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This  reaction  is  employed  in  order  to  determine  the  strength 
of  potassium  permanganate  solution,  which  is  fi  equeutly  used  in 
vol  u  mc  tri  c  anal  y sis. 

When  a  dilute  solution  of  oxalic  acid  is  added  to  uranium 
nitnite  and  exposed  to  the  air,  a  mixture  of  carbon  monoxide 
and  carbon  dioxide  is  evolved.* 

Oxalic  acid,  when  heated  with  sulphuric  acid,  decomposes  into 
carlxin  monoxide  and  carbon  dioxide  (Diibereiner).  Phosphorus 
jieutachloride  acts  upon  it  as  follows : 

CjH^O^  +  PCl^  -  CO  4-  COj  +  2HC1  +  POCl^. 

Phosphorus  trichloride  decomposes  the  crystoJlized   acid  as 

C,H,0,  -h  2H,0  -f-  PClg  =  CO  +  COg  +  3HCI  +  P(OH)^ 

From  tliese  decompositions  it  is  clear  tlmt  neither  the  anhy- 
clr-ide  nor  tlie  chloride  of  oxalyl  can  be  prepared  by  the 
r^^m<*tioTi8  by  which  these  compounds  are  in  the  case  of  the  other 
se^ri^s,  usually  obtained, 

O^calic  acid  is  reduced  to  glyoxylic  ^  or  glycoUic  acid  *  by  the 
a^rtion  of  zinc  and  dilute  sulphuric  acid. 

0> italic  acid    is   used   largely  in   calico-printiog,  dyeing,  the 

l>l<^si.^hing  of  flax  and  straw,  and  in  the  pr^^paration  of   formic 

a<^i<i     and  of  the  ethyl  ethers,  but  since  the  introduction  of  so 

Ttt^LY^y  artificial  colon  ring-Daatters,  its  ui?e  for  the  two  first  of  these 

p'U.i-f>osea  is  not  now  so  large  as  it  was  formerly. 


OXALATES. 

S^7  The  oxalates  have  been  carefully  examined  by  Berzelius,* 
*^ninielsberg,^  and  vSouchay  and  LenssenJ 

They  are  very  numerous,  not  only  the  normal  and  acid  salts 
^^^  this  dibasic  acid  being  known,  but  the  so-called  super-acid 
f*^<l  double  salts  also  existing. 

All  the  oxalates  are  decomposed  on  heating.     The  products 
*bich  are  thus  formed  varying  according  to  the  chemical  nature 

^  S/*c  Kiirnj»»  Jnn,  Cfiem,  Fkann.  cJJtii.  US* 
^  Hurtzig  and  Ocuthrr,  ib,  cii.  15&* 
'  <  hiir.  h,  J(Him,  Chrm    Soc.  [i*],  i,  301. 

*  S-  Lu1j:*%  Cfi^jfu  Ccntralb,  1802,  WJ  and  75S 

*  brlirJiiich.  '  Poffff.  Ann.  xciil  24, 
'  Jtm.  C7/^m,  Phamu  xcix,  31  ;  c.  SOS  ;  cii.  36 ;  riii.  SUS ;  cv.245. 
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of  the  metal,  or  according  to  the  presence  or  absence  of  at 
during  the  decomposition.  The  oxalates  of  the  alkali-metal 
leave  a  residue  of  a  carbonate,  as  also  do  those  of  the  alkaline- 
earth-metals  when  they  are  not  too  strongly  heated.  The 
oxalates  of  the  metals  whose  carbonates  decompose  at  a  higl 
temperature  yield,  on  heating  in  presence  of  air,  a  mixture  of 
the  monoxide  and  dioxide  of  carbon,  t/Ogether  with  the  oxide  of 
the  metal  When  air  is  excluded,  the  carinHi  monoxide  present 
may  cause  a  partial  reduction  of  the  metallic  oxides.  Oxalates  of 
metals  whose  oxides  decompose  on  heating,  yield  carbon  dioxide 
and  the  metal  On  heating  with  concentrated  sulphuric  acid 
the  oxalates  decompose  in  a  similar  way  to  the  acid  itself,  no 
blackening  in  this  case  taking  place.  This  serves  as  an  im- 
portant distinction  between  oxalic  and  the  other  solid  vegetable 
acids, 

Ifonnal  Poia^um  Oxalate,  QfiJS.^  -h  H^O,  crystallizes  in 
monoclinic  transparent  pyramids  or  prisms,  the  surfieu^es  of 
which  are  usually  curved.  It  is  easily  soluble  in  water,  and  is 
used  in  the  analysis  of  pyrolusite,  and  for  other  similar 
purposes. 

Add  Polmsium  Oxalate,  CgO^KH,  is  well-known  under  the 
name  of  salt  of  sorrel,  and  occurs  in  various  species  of  oxalis  and 
of  mmex,  in  garden  rhubarb  and  various  other  plants.  It  forms 
either  anhydrous  monoclinic  prisms,  or  crystals  belonging  to  the 
triclinic  system,  containing  one  molecule  of  water.  It  is  only 
slightly  soluble  in  cold  water,  and  combines  with  oxalic  acid  to 
form  potfi^Hinm  quadrojxtkde,  C^O^KH  -}-  C^jO^H^  +  2H^0,  the 
salt  crystallizing  in  large  triclinic  crystals.  Commercial  salt  of 
sorrel,  used  for  the  removal  of  inkstains  from  hnen,  consists 
generally  of  this  compound. 

The  oxalates  of  potassium  were  first  analysed  by  WoIlaston,i 
and  these  researches,  as  well  as  the  analyses  of  the  strontium 
oxalates  by  Thomas  Thomson,  served  as  an  important  confir- 
mation of  the  truth  of  the  law  of  combination  in  multiple 
proportion. 

A'trrmal  Sodium  Oxalate,  CgO^Nag,  requires  thirty-six  parts  of 
water  for  solution  at  the  ordinary  temperature,  but  is  much  more 
easily  soluble  in  hut  water,  and  on  cooling  separates  as  a  sandy 
powder  or  in  fine  glistening  needles.  It  also  occurs  in  various 
plants  growing  in  salt  marshes,  as  salieorma,  snlsola,  &c. 

Acid  Sodium  Oxalate^  SCaO^HNa  +  H,^0,  is  still  less  soluble, 
1  Phil,  Tram,  1808,  99, 
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£Liid  forms  hard  crystals  which  are  unalterable  in  the  air,  and 
does  not  fomi  any  compound  wdth  oxalic  acid. 

A^ojvnai  Ammrniium  Oxalate^  CyO^(NH^)2  +  HjO,  is  easily 
soluble  in  water,  and  cr}^stallizes  in  rhombic  prisms.  This  salt, 
^ipvhich  is  used  in  chemical  analysis,  is  found  in  Peruvian 
^uano. 

^cid    Ammonium    Oxalate,    2C20^H(NH^)  -h  HjO,    is    less 
soluble  in  water,  and  crystellizes  in  rhombic  prisma     It  forms 
'with  oxalic  acid  the  compound,  C204H(NH^)  +  C^O^H^  +  SH^O, 
'  msomorphous  with  tbe  corresponding  potassium  salt. 

5^8  Calcium  Oxahte,Cfifia,  is  a  compound  occuiTiiig  largely 
distributed  in  the  vegetable  kingdom.  It  was  first  discovered 
by  Scheele  in  the  roots  of  the  garden  rhubarb,  and  then  in 
many  other  pknts,  and  teniied  by  him  caix  savckurat^.  It  is 
^so  found  in  the  cells  of  pl^mts  in  crystals^  and  then  termed 
'Tapkides.  The  formation  of  these  will  be  remaiked  upon  here- 
after. Many  lichens  growing  on  hmestone  frequently  corLsist  of 
nearly  half  their  weight  of  this  salt,^  which  is  also  fijund  on  the 
marble  of  the  Parthenon,  and  was  described  by  Liebig  as  a  new 
naineral  under  the  name  of  Thierachite,  this  being  probably 
formed  by  the  action  of  a  lichen.  Calcium  oxalate  is  also  found 
in  various  animal  liquids,  as  in  urine.  It  also  occurs  in  urinary 
deposits,  being  known  as  the  mulberry  calculus,  from  its  peculiar 
_  stppearance. 

H        If  a  neutral  solution  of  a  calcium  salt  be  mixed  with  one  of 
an  oxalate,  calcium  oxalate  se|>arate8  out,  even  in  very  dilute 
_  solution,  as  a  cryst-alline  precipitate  which  is  insoluble  in  water 
B  And   acetic  acid,  though  dissolving  in  nitric   and   hydrochloric 
acid,  &c.     This  reaction,   which  is  much  used  to  distinguish 
oxalic    from   phosphoric  acid,   and  also  for  the  detection  and 
quantitative  determination  of  calcium,  was  noticed  soon  after 
iiie  discovery  of  oxalic  acid  by  various  chemists,  and  recom- 
'        mended  by  them  as  the  best  means  of  detecting  hme,  but  others 
■     believed  that  oxahc  acid  was  an  unreliable  reagent,  as  in  pre- 
sence  of  mineral   acids   no   precipitate   made  its  appearance. 
L      Darracq  then  showed  that,  on  neutralization  with  ammonia,  lime 
H       c^uld  always  be  detected  by  means  of  oxalic  acid, 
I  Precipitatal  calcium  oxalate  contains  water,  and  after  drying 

H  at  100"  has  the  composition  C^O^Ca  -h  H^O,  the  precipitato 
H  obtained  from  boiling  solution  having  also  the  same  composi- 
H  tion.  The  same  hydrate  is  obtained  in  monocHnic  laminae  when 
H  *  Bracoanot,  Ann,  Chim.  JPhys,  xxvill  313, 
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the  salt  is  dissolved  in  boiling  hydrc>chIoric  acid  or  nitric  acii 
and  allowed  to  cool.  It  becomes  anhydrous  at  180**,  but  on 
exposure  to  air  again  absorbs  water.  A  solution  in  an  excess  of 
cold  hydrochloric  acid  deposits  on  standing  tetragonal  tables, 
having  the  composition  C^O^Ca  -j-  3H.^0,  and  this  compound  is 
also  found  in  the  cells  of  plants,  being  probably  deposited  from 
a  saccharine  solution,^  as  Scheibler  has  proved  that  it  easily 
dissolves  in  the  juice  of  mangel-wurzel  Vesque'*  has  also 
shown  that  it  readily  dissolves  in  glucose  and  dextrine,  and 
Monier  ^  obt^iined  it  crystalline  by  allowing  a  solution  of  oxalic 
acid  to  stand  in  contact  with  one  of  lime  dissolved  in  sugar,  and 
these  crystals  exactly  resembled  tlie  raphides. 

An  acid  calcium  oxalate  is  not  known,  although  barium  and 
strontium  yield,  in  addition  to  the  very  insoluble  normal  salts, 
acid  oxalates,  C^O^Ba  +  CgO^H^  +  2U/),  and  aO^Sr  -f  aO^H^ 
+  2H,_jO.  The  acid  oxalates  are  easily  soluble  in  water,  but  the 
solutions  decompose,  especially  on  warming,  with  separation 
of  the  normal  salt.  They  are  probably  molecular  comjK>unds, 
analogous  to  potassium  quadroxalate.  They  may,  however^  be 
really  acid  salts  having  the  following  constitution : 


yBa. 

529  Lead  Oxalate,  CjO^Pb,  is  a  heavy  precipitate,  insoluble  in 
water,  which  is,  however,  soluble  in  nitric  acid,  and  also  in  a 
solution  of  sal-ammouiac  and  other  aminoniacal  salts.  When 
heated  in  absence  of  air  to  300°  it  decomposes  according  to  the 
following  equation ;  * 

2C20,Pb  =  3C0^  +  CO  +  Fhp. 

Silver  Omlate,  CgO^Agg,  is  a  white  precipitate  which  decom- 
poses at  110^  and  detonates  when  quickly  heated 

Mercuric  Oxalate,  CgO^Hg.  can  only  be  obtained  in  the  pure 
state  by  adding  mercuric  nitrate  to  a  very  large  excess  of  a 


*  Vpsnue,  Cowpt,  Urtid.  Ixxviii,  149. 

>  MoiiUT,  ii-  liiii.  1013  ;  Ixiviii.  300. 

♦  Pelotizis,   Ann,  Chim,  Phys,  [3],  Jv,  101;  see  also  Matimen^  Compi,  Mmd» 
Lui.  7£»7  and  837. 
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eoltition  of  oxalic  acid.      The  dry  salt  explodes  with  grea^ 
violence  on  percussion, 

Ftrroiis  Orahite,  CoO^Fe,  occurs  in  the  brown-coal  formatioi 

and  is  termed  by  the  mineralogists  humholdtirhe,  or  oxcUite.     I 

contains  1^^   molecules  of  water,  and  often  occurs  in  capillar^ 

forms,  but  also  in  botryaidal  masses,  and  in  plates,  with  a  fibrouj 

or  compact  j^tructure.     If  a  solution  of  green  vitriol  be  mixec 

with  oxalic  acid  or  an  oxalate,  ferrous  oxalate  is  thrown  down 

a  heavy  bright  yellow  powder,  insoluble  in  water,  and   onlj 

Elightly  soluble  by  dilute  acids.     When  a  solution  of  ferric 

hydroxide  in  aqueous  oxalic  acid  is  exposed  to  the  action 

sunlight,  carb<^n  dioxide  is  evolved,  and  the  ferrous  salt  is  pre-« 

cipitated    in    fine    lemon-coloured    glistening   crystals.      Thia 

sub&tance    has,    like    the  precipitated    salt,   the    composition 

41?jO^Fe  -f  2HjO.     On  heating  it  leaves  a  very  finely  di\idec 

rf3xide  of  iron,  which  serves  as  a  useful  polishing  powder  foi 

^Dptical  purposes.     It  has  been  proposed  by  Draper^  to  emplo; 

*he  above  reaction  as  a  means  of  measuring  the  chemical  actio] 

effected   by   sunlight     It   has  also   been   used  as  a  sensitiv* 

^j>botographic  agent  in  the  production  of  Herscliers  cyanotype* 

If  a  solution  of  a  normal  oxalate  be  added  to  one  of  ferrii 

c?fcJoride,  a  yellow  precipitate  is  slowly  formed,  which  is  probablj 

xjormal  ferric   oxalate.     This   compound  is  also  formed    when 

^rric  hydroxide  is  treated  with  a  solution  of  oxalic  acid.     An 

^^atoess  of  the  latui^r  must  he  avoided,  as  the  salt  dissolves  readily 

^*^   tliis  acid, 

S30  Oxalatts  of  Antiniony.  This  metal  only  forms  insolubl 
^*'Q«sic  oxalates;  but,  on  the  other  hand,  the  double  salts 
a^titiiiiony  and  the  alkali  metals  dissolve  in  water,  and  are  o: 
mtc^xest,  as,  unlike  most  antimony  salts,  they  are  not  decomposer 
"y  ^^ater,  for  whicli  reason  probably  they  might  be  employed 
^  ^\iT)stitute  for  tartar  emetic  in  dyeing  and  calico-printing. 

■Antimony  Pc4a3»ium  Oxalate,  (C20^)3SbK3 -f  GH^O,  is  obtainec 
^y  dissolving  antimonic  acid  in  a  hot  solution  of  acid  potassiuo] 
^Xulate,  when  it  deposits  in  monoclinic  crystals. 

-4 ntimoiiy  Sodium  Oxalate,  (C^O JaSbNa^  +  CgO^Na^  +  1  OH.O^ 

^  p^par^d  in  a  similar  way  to  the  potassium  compound,  and 

^^posited  in  the  form  of  glistening  crystals.^    Other  double  salta 

"2ivo  also  been  described. 

Aj3enic  trioxide  seems  to  form  similar  double  salts. 

^  FhiL  MitQ.  [4],  xviii.  91. 

*  Sveu^eu,  Bcr,  Ikuisch.  Clum.  Gcs,  uL  314. 
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ETHEREAL  SALTS  OF  OXALIC  ACID. 

531  Methyl  Oxalate,  CpjiCE^^,  is  a  solid  In^dy,  first  pre- 
paid by  Dumas  and  Peligot  ^  by  distilling  methyl  alcohol  with 
sulphuric  and  oxalic  acids.  According  to  Weidmami  and 
Scbweizer,^  salts  of  sorrel  may  be  advantageously  employed  in 
place  of  the  acid.  The  same  chemists  found  that  the  ether  is 
formed  by  heating  wood-spirit  with  oxalic  acid.  According  to 
Erlenmeyer,^  it  ia  best  obtained  by  dissolving  anhydrous  oxalic 
acid  in  boiling  methyl  alcohol,  and  bringing  the  crystals  which 
are  deposited,  on  to  a  vacuum  filter,  and  washing  with  cold  water 
until  the  liquid  which  runs  off  no  longer  gives  the  ioJofurui 
reaction. 

Methyl  oxalate  crystallizes  in  rhombic  tables ;  it  melts  at  i»l% 
and  boils  at  1G2**  When  brought  in  contact  with  water  it 
decomposes,  slowly  in  the  cold  and  more  quickly  on  warming, 
into  oxalic  acid  and  methyl  alcohol. 

Ethyl  Oxalate,  Cf^J^^^^.  This  ether  is  a  liquid,  and  was 
first  obtained  by  Bergmann  by  distilling  together  oxalic  acid 
and  spirit  of  wine.  It  w^as  soon  afterw*ards  investigated  by 
other  chemists,  who  gave  a  variety  of  methods  for  its  prepara* 
tion.*  It  is  best  obtained  according  to  the  method  given  by 
Frankland  and  Duppa.^  A  mixture  of  three  parts  of  anhydrous 
oxalic  acid  and  two  parts  of  absolute  alcohol  is  slowly  heated 
for  some  time  in  a  tabulated  retort  to  100*,  and  afterwards  the 
temperature  raised  to  125"* — 130^  wheu  the  vapour  of  two 
parts  of  absolute  alcohol  is  passed  in.  The  product  is  then 
purified  by  fractional  distillation. 

Ethyl  oxalate  is  a  liquid  possessing  a  slightly  aromatic  smtdl, 
boiling  at  18G^  and  having  at  IS'' a  speeilic  gravity  of  r0824». 
It  behaves  in  a  similar  way  with  water  to  methyl  oxalate.  This 
substance  is  used  for  the  separation  and  purification  of  the  amines 
(Vol  III.  Part  I.  p,  221),  and  tor  the  synthetical  preparation  of 
various  acids  of  the  lactic  acid  group.  Ethyl  oxakte,  when  exposed 

1  Ann,  Chim.  Pkya.  h-iii.  44;  Ann.  0tem,  Pharm,  xv.  32. 

*  Fogg,  yhtn,  xllil  (J02 ;  iiee  also  WohltT,  Ann.  Clu^m.  Phami.  Ixsxi,  879. 

'  Rfp,  Pkarm,  [2],  xjciii  432  i  see  oIao  Calxours  luid  Deuior^y,  BulL  Soc^ 
ChitfL  [21  xxix.  408. 

*  TlitDiLTcl,  Mitn.  Soe.  ^Ameil,  ii.  11 ;  Ba^iliof,  S^vmg.  Jmm,  xix.  308  ; 
Dumiw  and  Boallay,  Jmim,  Pkarm.  xiv.  113;  Mitecherlinh,  Uhrh ;  Lowig^ 
Jmirit.  PmkL  Chcm.  IxxxiiL  12»  ;  Ixxxiv.  1 ;  Kolbe  imd  Kalle,  Ami.  Chetiu 
Pkarm,  cxix.  173. 

*  lb.  I. 
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to  the  action  of  chlorine  in  sunlight,  yields,  as  the  last  product, 
perchlorethyl  oxalate,  020^(02015)2,  an  odourless  body,  crystal- 
liing  in  rectangular  prisms,  which  melt  at  144^^  Ethyl  oxalate 
decomposes  on  repeated  distillation  into  carbonyl  chloride,  car- 
bonic oxide,  and  triacetyl  chloride.  When  it  is  heated  with 
sodium,  carbon  monoxide  is  formed  and  ethyl  carbonate  pro- 
duced.* The  same  decomposition  takes  place  when  sodium 
etbylate  is  employed,  other  products  being  also  produced.* 

Acid  Ethyl  Oxalate,  or  Etht/l  Oxalic  Acid,  CgO/CjHJH-  The 
potassium  salt  of  this  acid  is  obtained  by  the  action  of  a  solution 
of  caustic  potash  in  absolute  alcohol  on  ethyl  oxalate,  when  this 
compound  separates  out  in  laminae.  If  these  be  dissolved  in 
aqueous  alcohol,  some  potassium  oxalate  remains  behind,  and,  on 
addition  of  the  requisite  quantity  of  sulphuric  acid  to  the  filtrate, 
potassium  sulphate  is  thrown  down,  whilst  ethyl  oxalic  acid 
lemains  in  solution.  If  this  be  diluted  with  water,  saturated 
with  barium  carbonate,  and  the  filtrate  evaporated  on  the 
water-bath  to  a  small  bulk,  crystals  of  barium  ethyl  oxalate  are 
obtained.  By  decomposing  the  aqueous  solution  of  this  salt 
^th  dilute  sulphuric  acid,  free  ethyl  oxalic  acid  is  obtained. 
Jt  is  Tery  unstable,  decomposing  readily  into  alcohol  and  oxalic 
^oid,  even  when  the  solution  is  evaporated  in  a  vacuum.^ 

Ethyl  Oxalyl  ChlorkU,  C^O^COC^HJCI,  is  formed  by  the  action 
^^  phosphorus  oxychloride  on  potassium  ethyl  oxalate.  It  is  a 
ftji  xming  mobile  liquid,  possessing  a  suffocating  odour,  boiling  at 
1-^C^and  exhibiting  the  usual  properties  of  the  acid  chlorides.* 
I  ^Amongst  other  ethereal  salts  of  oxalic  acid  the  following 
irmJ3jr  be  mentioned ; 


•  Methyl-ethyloxalate,  C,0,(CH3)(C2H,) 
'  Propyl  oxalate.  C2b^(CaH.)2 .     . 

*  Isobutyl  oxalate,        C20^(C4Hjj)2 .     . 
®  Amyl  oxalate,  Op^iC^"^^)^      . 


160—170" 

209— 21  r 

244—246* 

265" 


^'^^— fi.  Ann,  Chim.  Ph/4.  [21  Ixxiv.  290. 
Ann.  Chtm    liuit^u  xix,  17. 
I,  ZHlacK  Cktftu  [2),  iv.  656  ;  Cranston  and  Dittiuar,  Jburn,  Chcm, 
Uj,  vii.  141* 

JWitarherUrh,  Pog^*  Ann,  ixxiii.  332, 
li«nrv.  Brr,  IkutKtrh,  Cfwm.  Gts,  iv.  698. 
<-li«vncia,  Jfihrt^b,  IA50,  469. 
^^hours,  Vompt,  Rend  Isutrii.  74^  and  1 4 OS, 
'  Btkrd,  Amu  Chim,  Phya,  [3],  lii.  309;  Delfls,  JaJtresL  1854,  26. 
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AMIDO-COMPOUNDS  OF  OXALYL. 


53a  Oxamide^  Cf>^(i^^^^.  This  body  waa  obtained  by  Bau 
in  1817,  by  acting  upon  ethyl  oxalate  with  aqueous  ammonij 
He,  however,  considered  it  to  be  ''  an  intimate  triple  compou 
consisting  of  oxalic  acid,  alcohol,  and  ammonia."  Liebig,^  r 
1834,  showed  that  the  body  thus  prepared  is  identical  with  the 
oxamide  obtiiined  by  Dumas  in  1830  by  distillation  of  ammoniuJ 
oxalate.'  ^ 

In  order  to  prepare  it,  ethyl  oxalate ^  which  need  not  neces- 
sarily be  perfectly  pure,  is  shaken  up  with  aqueous  ammonia. 
The  liquid  becomes  warm,  and  oxamide  separates  out  as  a  whi 
precipitate,  Oxamide  is  also  formed^  together  with  other  pj 
ducta,  by  the  action  of  nitric  acid  on  potassium  ferrocyanide,^ 
well  as  when  potassium  cyanide  is  warmed  with  mangam 
dioxide  and  a  small  quantity  of  sulphuric  acid,  or  when  aqueous 
solutions  of  hydrocyanic  acid  and  hydrogen  dioxide  are  allowi 
to  stand  for  some  days.* 

Oxamiile  is  a  light  crystalline  powder,  almost  insoluble 
water,  alcohol,  and  ether     When  heated  with  alcohol  for  a 
few  days  to  SIO"* — ^220*,  it  is  converted  into  small  rectangular 
prisms  with   pyramidal  termiuations.*     It  is  perfectly  neutral. 
When  boiled  with    water   and  mercuric   oxide,  the  compouodj 
ECgOgCNiy^  +  HgO  is  formed  as  a  white  insoluble  powder.* 
When  oxamide  is  heated  with  water  and  strong  acids  or  alkaliBi 
it  forms  oxalic  acid  and  ammonia. 

Elhyl  Oxamuie,  CO.NH(C2H5).COCNH^,  is  easily  fonned  by' 
the  action  of  aqueous  ammonia  on  ethyl  oxamethane  (p,  121). 
It    is   easily   soluble    in    water,   alcohol,   and    ether,   melts 
202" — 20 3"^  but  sublimes  at  a  lower  temperature  in  fine  wool! 
crystalline  masses  (Wallach  and  West). 

533  Diethyl  Oxamide,  Gfi,,{^llX^^^^,  was  first  prepared  by 
Wurtz  by  acting  with  ethylamine  on  ethyl  oxalate.^  It  is 
best  prepared  by  mixing  a  well-cooled,  concentrated  aqueous 


ms 

a 


S^himi§,  Journ  xix.  313. 

Anrt,  Chnn.  Phann.  ix.  11  ftTid  123, 

Jnn,  Chim.  I'hui*,  xliv.  129  ;  liv.  240. 

rinyfair,  Phil,  Trans.  1849,  iu  477  ;  see  alao  Vol  11,  Part  II, 

A tt field,  Journ.  Chem.  ♦Srtc.  [2],  i  94. 

Geuther.  Ann,  Ckem,  Pkarui.  eix,  72. 

Dussfti>nn*s,  Ann,  C?iim,  Phy$.  [3],  xxzir*  143, 

lb.  xxz,  490, 
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soltitian  of  ethylamine  with  etliyl  oxalate,'^  This  compound 
crystallizes  in  needles  which  are  difficultly  soluble  in  water  hut 
dissolve  more  easily  in  alcohol,  and  it  volatilizes  without  de- 
composition. By  acting  upon  it  with  phosphorus  pentachJoride 
the  following  compounds  are  obtained ; 


CCL.N(C,HJH  CCLN(aHJH 

I  and         II 

CCVN(aH,)H  CCLN(C,H,)H. 

These  have  not  yet  been  prepared  in  the  pure  state* 


Their 


k ., 

niajbe  again  converted  into  diethyl  oxamide  by  means  of  water. 

Iff  however,  the  product  be  allowed  to  stand  for  some  days  with 

the  phosphorus  oxychloride  wliich  has  been  formed,  decomposition 

<*<^cur8,  and  the  tertiary  amine,  chloroxuktkyline,  CeHj^ClNg,  is 

fortued,  the  hydrochloride  of  which  remains  behind  if  the  phos- 

pboTus  oxychloride  he  distilled  off  under  diniinished  pressure* 

This  substance  crystallizes  in  prisms,  and  yields  a  crystalline 

Pl^tinichloride,     By  distillation  with   caustic  potash   the   free 

"^^e  is  obtained  as  an  oily  narcotic-smelling  liquiil,  boiling  at 

21*7^ — 218**,  and  having  an  alkaline  reaction  and  crystallizing 

^hon  strongly  cooled.     It  combines  with  various  metallic  salts, 

^^^^Tmwg  crystalline  compounds,  and  with  the   iodides  of  the 

[  iJcohol  radicals  to  form  compound  ammonium  iodides,  such  as 

^CLNg.CH^I,  crystallizing  in  prisms,  and  yieUling  a  strongly 

line  hydroxide  on  treatment  with  silver  oxide. 

By  the  action  of  sodium  on  a  solution  of  chloroxalethyline  in 

P^^roleum  oil,  fHm:aletIuil%7it,  C^^H^gN^,  is  formed,  a  thick  liquid, 

h^-v^ng  an  alkaline  reaction,  and  boiling  above  300^^ 

IGxaUthyliiu,  C^H^qN^  is  formed  when  the  chlorine-compound 
^  licated  with  Iiydriodic  acid  and  amorphous  phosphonis,  and  the 
P'"'o<3uct  decomposed  by  caustic  soda.  It  is  a  thick,  transparent, 
^^y  hquid,  boiling  at  SIS'* — 213^  and  having  a  strongly  narcotic 
'oii^'lL*  Most  of  its  salts  crystallize  well,  and  like  chloroxal- 
ettfcyline  it  is  a  tertiary  base.'* 

Oxale  thy  line  is  poisonous,  producing  the  same  symptoms  as 

■»tropine,  the  pcasonous  principle  of  the  deadly  nightshade,  espe- 
cially tjje  dilatation  of  the  pupil,  though  it  does  not  act  so 
F^'^^erfully  as  this  alkaloid.     Chloroxalethyline,   on  the  other 

*  Walliich,  Ann.  Chrm,  P/uirm,  clxxadv,  33. 

*  Wftllarh  ami  Oppnlieim,  Btr.  Deutxh,  Chem,  Ge9,  x.  1193. 

*  WiilUrh  and  Strieker,  t^.  xiii  51 L 
^  Wallttch  uiid  E.  Scliultze,  i6.  514. 
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hand,  does  not  produce  these  symptoms,  and  acts  upon  the 
brain  ia  a  similar  way  to  chloral  hydrate.^ 

The  oxamides  of  the  other  alcohol  radicals  give  com])outidfl 
idmilar  to  those  which  have  been  now  described.* 

534  Oxamic  -^rirf,  CO(NH^)CO^  was  discoveretl  in  1842  by 
Balard,*  who  obtained  it  by  heating  acid  ammonium  oxalate. 
Its  ammonium  salt  is  formed  when  oxamide  is  boiled  for  some 
time  with  aqueous  ammonia :  * 


CO.NHg 


i 


O.NHj 


H,0 


CO.NHj 

I 
CO.ONH^. 


Free  oxamic  acid  is  obtained  from  this  salt  by  decomposition 
with  hydrochloric  acid.  It  is  deposited  as  a  fine  crystalline 
powder,  which  dissolves  at  14'*  in  seventy-one  parts  of  water, 
and  melts  at  173^,  yielding  oxamide  and  the  products  of  decom- 
position of  oxalic  acid.  If  the  acid  be  boiled  with  water  it 
combines  with  it  to  form  acid  ammonium  oxalate.  It  is  mono- 
basic,  and  forms  crystalline  salts.^ 

Ethyl  Oxmtiatt,  or  Oxamd/iane,  CO (NHj) 00^(0^3^^,  was  dis« 
covered  in  1828  by  BouUay  and  Dumas,®  and  then  examined  by 
the  latter  chemist,  who  termed  it  oxamethane/  as  well  as  by 
Liebig,*  who  considered  it  to  be  "anoxamate  of  ammonia.*'  It 
is  best  prejmred  by  dissolving  ethyl  oxalate  in  two  tt>  three 
volumes  of  alcohol,  and  gradually  adding  to  tWs  liquid,  well 
cooled  with  ice,  the  requisite  quantity  of  ammonia  in  alcoholic 
solution.*' 

It  is  easily  soluble  in  water  and  alcohol,  and  crystallizes  in 
flat,  long,  rhombic  needles,  which  melt  at  114'' — 115V*^  It  can 
be  distilled  without  decomposition,  and  is  quickly  converted  by 
ammonia  into  oxamide. 

535  Efht/l  Oxamic  Acid,  C0.NH(CvH^)C02H,  wa.s  obtained  by 
Wurtz^^  by  heating  acid  ethylamine  oxalate  to  180^  Ileintz^^ 
discovered  it  amongst  the  products  of  the  action  of  ethylamine 


1  H.  f?cbtiUx,  Enr.  DmUfcK  CTi^m,  GtJi,  xiii.  2353. 
»  Walliich  ami  E,  Sclmltze»  ih.  rir,  420* 

•  Ann,  Chim   Phys,  [3],  iv,  93. 

*  ToUMsaint,  Ann,  Cktm,  Phann,  nxx.  237, 

•  Engstrom,  Journ,  I^ak±  Vfte.m.  Ixviii.  433 ;  Bocaloglo,  ^.  IzxxL  S71^* 

*  Anm,  Chim.  Phys,  xxxviL  37.  '  Jb,  Uv,  341* 
■  Antk.  Chttft,  PKarm,  ir.  129. 

»  Jtntm..  PtakL  Chem^  [2],  x.  193. 

"  Walliich»  Ann.  Chem,  Pharm,  cXxxiiv,  8, 

"  Ann,  Chim.  Pha,  [3]»  xxx  490 

^  Ann.  Chcm*  Pharm^  cxivii  4^, 
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on  ethyl  oxalate.  Wallacb  and  West^  have  sliown  that  the 
etbyl  ether  is  formed  in  this  reaction,  and  ia  best  obtained  by 
Tnixing  a  solution  of  the  amine  in  absolute  alcohol  with  ethyl 
osLalate,  allowing  the  mixture  to  stand  for  some  time,  and 
then  distilling  the  alcohol  off  and  fractionating  the  residue  in 
Older  to  separate  the  excess  of  etliyl  oxalate.  Diethyl  oxamide 
_ crystallizes  out  from  the  higher  boihng  portions  on  cooling,  and 
I  separation  may  be  aided  by  placing  it  in  a  freezing  mixture. 
13  then  brought  on  to  a  vacuum  filter  and  freed  frum  the 
liquid.  This  latter,  which  is  elh^l  oxamctltaTie,  CO.NH(C\Hj 
^O^C^H^,  boils  at  244°— 246*".  When  pure  it  has  a  faint  smell, 
usually  smells  of  the  carhamineg.  It  is  decomposed  by 
and  more  readily  by  bases  with  formation  of  ethyl 
oxamic  acid.  This  latter  substance  is  easily  sohible  in  water, 
crystallizes  in  six*sided  laoiime,  molts  at  120'',  and  sublimes, 
when  strongly  heated,  in  thin,  e  his  tic  needles* 

Dkthi/l  Oxamic  AcUl,  CO.N(C2H5)2C02H.     TLe  ethyl  ether 
of  this  acid  is  formed  by  actiug  with  diethylamine  on  ethy! 
oxalate.     It  is  a  liquid  boiling  at  IGif.*     When    heated   with 
milk  of  lime  this  ether  yields   the  calcium  salt  of  the   acid. 
From  this  the  free  acid  can  be  obtained  by  the  addition  of  oxalic 
acid.   '  It  is  easily  soluble,  aud  crystalh'zes  in  monoclioic  prisms, 
^H'which,  on  heating,  fiise  and  easily  sublime  in  thin  needles.^ 
^H     Besides   the   ethylated    oxamides   and   oxamic   acids   above 
^Ideacribed,  a  large  number  containing  other  or  two   different 
^HUt^ol  ladieals  have  been  prepared.    Their  mode  of  preparation, 
^■^U!!tions,  &c,,  correspond  to  those  of  the  ethyl  compounds. 
H^    liodkth/lammide,  C0{NH^C0N(C,HJ2,  is  obtained  when  the 
'       ethyl  ether  of  the  foregoing  compound  is  treated  with  concen- 
trated aqueous  ammonia.     It  crystallizes  in  large,  thick  prisms, 
fuses  at  126'— 127^and  boils  at  266'— 268^;  it  begins,  how- 
ever to  sublime  at  100^     When  heated  with  phospliorus  pent- 
^^Dxide  the  nitril  of  diethyl   oxamic   acid,  CN,C0(N.C2H^^,  is 
^Hbrmed.     It  ia  a  faintly  smelhng  liquid,  boiling  at  219° — 220^ 

Tnttht/l  Chrmmde,  CO(NH.C,HJCON(qH,)^,  is  formed  when 
"the  ethyl  ether  of  diethyl  oxamic  acid  ia  treated  with  ethyl- 
^mine.     It  is  a  liquid  soluble  in  water,  boiling  at  2.>7° — 250V 

DJnjdroxyl  Oxamide,  OSy,J^H,OV{)^,  is  obtained  by  the  adili- 
tdun  of  ethyl  oxalate  to  a  boiling  alcoholic  solution  of  hydroxyl- 

'  Aim.  Chem,  Pharttu  clxixiv,  57. 
'  Hofniann,  CompL  Rend,  lii.  902- 

•  H«iiitz,  Ann.  Cheni,  P/iarni,  cxxvii,  43. 

*  Wiilkch,  Bcr,  Drutaeh,  Cheriu  Got,  xiy.  735. 
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amine.  On  cooling,  the  compound  C202(NH.OH)g.NHjOH 
Beparatea  out  in  tliin  laminte,  which  decompose  on  addition  of 
hydrocliloric  acid,  and  on  evaporation  yield  a  crystalline  mass 
which  is  purified  by  recrystallization.  It  is  diflScultly  soluble  in 
water,  crystallizes  in  small  prisms,  and  acts  ajs  a  weak  dibasic 
acid.     Both  it  and  its  salts  deflagrate  on  heating*^ 

The  carhamid^^  eamp&unds  of  oxalic  acid  were  first  obtained  by 
oxidizing  uric  acid.     They  will  be  described  under  that  acid. 


The  Nitrils  of  Oxalic  Acid. 
536  Dibasic  oxalic  acid  forras  the  two  following  nitrils  : 


Cymiformio  Add. 

CN 

! 

CO.OH. 


OxAlonltril,  or  Cyanogen. 


I. 


Cyanformic  Acid^  CN.CO^H*  This  compound,  commonly 
called  cyancarhojiie  acid,  is  not  known  in  the  free  state,  but 
Weddige  has  prepared  several  of  its  ethers  by  heating  oxamic 
ethers  with  phosphorus  pcntoxide  to  150* — 170**:* 


CO.NHj 

I 
COOC^H, 


CN 


CO.OC^Hg 


+    HjO. 


Ethyl  CynnfoTTrmie,  CN.COgCjHg,  is  also  formed  by  the 
action  of  phosphonis  pentachloride  on  ethyl  oxamate.*  It  is  a 
mobile,  highly  refracting,  ethereal  sraelling  liquid,  boiling 
at  116**.  Nascent  hydrogen  reduces  it  to  glycocol  (Wallach)* 
When  heated  with  water  it  decomposes  with  formation  of  hydro- 
cyanic acid,  carbon  dioxide,  and  alcohol  Concentrated  hydro- 
chloric acid  converts  it  into  oxalic  acid,  but  the  gaseous  acid 
transforms  it  into  its  polyraeride,  cihyl  paTurj/anJoi^mate^  the 
probablo  formula  of  which  is  C3N3(CO.OC^H5)3.  This  body 
is  deposited  in  glistening  crystals,  scarcely  soluble  in  water,  and 
dissolving  only  with  difficulty  in  boiling  alcohol.  The  crystals 
melt  at  165",  and  decompose  when  more  strongly  heated.  Cold 
caustic  potash  decomposes  the  ether  with  formation  of  potassium 
parfteyan/ormate,  CjN/COjK)^,  crystallizing  in  long  needles. 
Hydrochloric  acid  added  to  this  substance  liberates  the  free  acid, 

^  Lo9»en,  Ann,  ChtfiK  Ffutrm,  cl.  314. 

'  Journ.  Pfakt,  Chctn.  [2],  3t.  193. 

•  Wiillacli,  Ann,  Ckctji,  JPfiann,  bbaadv*  12* 
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as  a  white,  light,  crystal line  powder,  very  difficultly  Boloble  in 
-water,  and  decomposing  when  strongly  heated.  On  boiling  with 
vrater,  oxalic  acid  and  ammonia  are  formed. 

£l}ujl  IsocyanformaU,  CN.C02(C2Hj),  This  body,  a  compound 
lielonging*  to  the  carbamincs  (Part  I.,  p.  159),  was  tei'nied  by 
Salomon  isocyancarbonic  ether*  He  obtained  it  by  acting  with 
alcoholic  potash  on  ethyl  carbamate  and  chloroform,  but  lie  c^mld 
not  examine  it  ftirtlier  as,  unfortunately,  he  inhaled  some  of  its 
Tapour,  which  produced  so  serious  an  effect  on  his  lungs  that 
convulsions  ensued,  and  although  he  recovered^  his  health  was 
so  much  shattered  that  he  gave  up  the  further  exam i nation  of 
this  unpleasiint  substance.  He  only  further  remarks  that  it 
poflsesses  the  peculiar  smell  of  the  carbamiiies.^ 

537  Ojtalonitril^  or  Cyanogen,  CgNj.  This  body,  already  de- 
scribed in  the  first  volume,  must  here  again  be  mentioned,  on 
account  of  its  relationship  with  oxalic  acid.  It  was  discovered 
in  1815  by  Gay  LussaCj  who  showed  that  the  eyanidea  of  mercury 
and  silver  are  decomposed  when  heated  into  cyanogen  and  the 
metal'  It  is  likewise  formed  when  oxamide  is  heated  %vith 
phosphorus  pentoxide,"  and  also  by  passing  the  induction  spark 
fixim  carbon  poles  in  an  atmosphere  of  nitrogen.* 

In  order  to  prepare  it,  w^ell-drierl  cyanide  of  mercury  is  heated 
in  a  tube  or  small  retort  of  hard  glass,  and  tlie  gas  collected  over 
mercury.  It  is  colourless,  possesses  a  peculiar  smell  resembling 
peaeh-kemels,  and  is  easily  inflammable,  burning  with  a  bluish 
purple-niantled  flame.  Its  specific  gravity  is  1*8064.  By  pres- 
sure and  by  cooling  it  is  converted  into  a  liquid  which  boils  at 
*-  20°'7,  and  at  17°*2  has  a  specific  gravity  of  0866  (Faraday). 
Hofmann  has  described  a  simple  apparatus  for  liquefying 
cyanogen.^  On  further  cooling  it  solidifies  to  a  radiating 
mstalline  mass,  which  melts  at  —  34''*4.  Water  dissolves  about 
4'5  times  its  volume  of  the  gas;  the  solution,  however,  soon 
becomes  yellow,  and  then  browTi,  de]x>sitiug  brown  flakes  of 
B2almic  acid.  C^H^N^O,  whilst  the  liquid  is  found  to  contain 
ammonium  oxalate,  ammonium  oxamate,  ammonium  carbonate, 
oxamide,  and  urea.®     In  presence  of  small  traces  of  aldehyde 


*  J<ntm,  Fmkt.  Chrm.  [t],  ii.  208. 
'  A%Tt,  Chim^  xcir.  172, 

'  Bertagniiii,  Ann,  Chrm,  Pharm.  civ.  175, 

*  MoiTpn»  Cmnpt.  Ilcnd,  xMii.  342- 

•  Bcr,  1/eutsch,  Chem.  Oes.  iii.  663, 

•  Vinquelm^    Ann,    Chim.  Phyn,   xxir.  182;  Wbhler,  Pbjftjr.  Antu  xv.  027; 
PeJomc  tud  lUchardaon,  Antu  Chem,  Phann,  xxvL  63. 


THE  PROPYLENE  COMPOUNDS, 


scarcely  anything  but  oxamide  is  formeiL*  Tlio  same  conipoutid 
IB  obtained  when  strong  hydrochloric  acid  is  saturated  with 
cyanogen,* 

Dry  sulphuretted  hydrogen  does  not  act  upon  cyanogen,  but 
in  presence  of  aqueous  vapour  the  two  following  products  are 
formed,^ 

538  Tliioxalenidc,  or  Hydrofavic  Acid,  CN.CS.NHj,  crystal- 
lizes in  yellow  needles,  soluble  in  water  and  alcohol. 

Thio-avamide,  or  Hydwruhianic  Acid^  (CS)2(NH.j)^  forms 
yellowish-red  crystals,  difficultly  soluble  in  water,  but  dissolving 
more  readily  10  hot  alcohol. 

Both  these  compounds  decompose  on  boiling  with  dilute 
alkalis  and  acids  with  formation  of  oxalic  acid,  ammouia,  and 
sulphuretted  hydrogen. 

Aqueous  ammonia  absorbs  cyanogen  gas  rapifUy,  and  the 
solution  soon  forma  the  same  products  as  are  found  in  aqueous 
solution** 

Dry  ammonia  gas  combines  with  cyanogen  to  form  hydra- 
zulmin,  C^HgN^  a  jet  black,  glistening  amorphous  mass,  which 
forms  with  water  the  above-named  azulmic  acid  or  hydra- 
suimoxin  and  Etmmonia.  This  body  has  a  special  interest 
because  it  stands  in  close  relation  to  uric  acid  (Jacobsen  and 
Enimerling), 

Faracyanogen^  (CN)x,  is  always  formed  in  small  quantity  when 
the  cyanides  of  silver  and  mercury  are  heated  as  also  when 
hydrazulmin  is  heated.  It  is  a  brown  amorphous  powder 
w  hich,  w^hen  heated  for  some  time,  volatilizes  with  formation  of 
cyanogen. 
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539  Propyknt,  or  Methyl  Etkyknc,  CK^CH^CHy  This  gas 
was  discovered  by  J,  W.  Eeynolds,  who  obtained  it  together  with 
other  products  by  passing  the  vapour  of  amyl  alcohol  tlirough  a 
tube  heated  to  moderate  redness.    That  it  is  formed  in  this 

*  Licbig»  Ann*  Ckrm,  Fharm*  cxiiu  246* 
»  Volhard,  i&.  clviiu  118. 

>  Guy  Lmisac,  Ann,  Chim,  xcr.  13«  ;  Poret,  Ann.  Pkil  riiL  263;  Wiihl^r, 
Pong.  Ann.  liL  177  ;  Volckol,  Ann.  Ch^m.  Phann.  xxxviiL  3U. 

*  Wtildcr.  Po'tg,  Ann.  iii.  177  ;  liL  263;  J^coheen  and  Emmeriiag,  Btfr, 
IkuticK  Chem^  Ott,  i\\  947. 
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process  in  considerable  quantity  was  shown  by  Reynolds,  by  pre- 
paring the  dichloride  and  dibromide,  which  he  analysed.^  About 
the  same  time  Hofmann  found  that  this  gas  occurs  amongst  the 
producta  of  the  action  of  a  red-heat  upon  valeric  acid.^  Pure 
propylene  was  first  prepared  by  Berthelot  and  de  Luca  by  acting 
with  zinc  and  dilute  sulphuric  acid,  or  with  mercury  and  fuming 
sulphuric  acid  on  allyl  iodide,  C^H^I.^  In  the  last  case  allyl- 
mercury  iodide,  CgH^Hgl,  is  formed,  and  this  is  decomiK>sed  by 
strong  acid  or  sulphuretted  hydrogen  with  formation  of  pro- 
pylene,* Allyl  iodide  also  yields  pure  propylene  when  ita 
solution  in  glaciiU  acetic  acid  is  allowed  to  run  on  to  granu- 
lated zinc.^  Instea<j  of  glacial  acetic  acid,  alcohol  may  also  be 
employed,®  and,  according  to  Niederist,  this  latter  method  is 
to  be  preferred/  The  foOowing  is  the  reaction  which  then 
occurs: 

C,HJ  -f  CaHj.OH  +  Zn  =  C3H0  +  C^HpZnT. 

Propylene  is  also  obtained  by  heating  secondary  propyl  iodide 
with  alcoholic  potash.^  as  well  as  by  allowing  a  mixture  of  iso- 
propyl  alcohol  and  2  6  times  its  volume  of  zinc  chloride  to  stand 
for  twenty-four  hours  and  then  heating  it,®  Propylene  is  also 
obtained  in  considerable  quantities,  but  mixed  with  hydnigen, 
when  glycerin,  C^H^O^,  is  mixed  with  zinc  dust,  to  form  a  thick 
paste,  and  the  mixture  heated.^** 

By  the  action  of  zinc  ethyl  on  tetrachlormethane,  the  following 
reaction  takes  jilace  : " 

2CCI,  -h  3Zn(C,Hj2  =  2C3H,  +  2C,H,  +  2C2H,Cl  +  SZnCl,. 

Zinc  ethyl  acts  in  a  similar  way  on  bromoform  :  ^^ 

CHBrjj  +  Zn(C,Hfi)2=  C^H^  +  C,H,Br  +  ZoBr,, 

Propylene  sdso  occurs  frequently  amongst  the  products  of 
decomposition  of  organic  bodies  by  heat,  and  is,  therefore,  found 
in  coal  gas. 

Propylene  gas  possesses  an  alliaceous  smelly  has  a  specific 


»  Quart  Joum  Chem.  Soe.  iii  111,  ^  Ih,  12L 

>  Ann,  Chita.  Phya  [3],  xliii,  257  ;  Ann.  Chem.  Fharm,  xeti.  306, 

*  I,!nT!«>miir!n,  ib.  8upt»l.  iii.  2tJ2.  *  It,  dxL  54. 

*  (  "  ajid  Trib-^  Juurn.  Chem,  Soc,  1874,  211. 

*  .,  Phinn,  i*icvL  358» 
r,  ih.  cxxxix.  228, 

1  Silva,  Compf^  Jtr^ncL  Itkyi,  1594* 
1  Ktriteiii,  /irr,  DritiiKh.  C/u7n^  tJCM,  ix.  005. 
^^   Hciiatrtu  *u4  iiirth,  Ann  Chan,  Pfutnn.  exxiv,  24 £, 
^  BeUntdii  and  Alexcjt^w,  Jukjx^b.  1364,  470* 
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gravity  of  1'498,  and  is  not  liquefied  at  —  40**,  but  under  iBcreadedL 
pressure  it  can  be  condensed  to  a  liquid  (Bertbelot  and  de  Luca) 
One  volume  of  water  absorbs  at  ^ 

f  =  0446506  -  0022075  i  +  00005388  ^. 

Absolute  alcohol  dissolves  about  twelve  volumes  of  the  gaa,, 
and  concentrated  sulphuric  acid  200  volumes,  with  formation  of* 
isopropyl  sulphuric  acid  (Bertbelot), 

540  PwpylcTis  Alcohol,  or  Froptflene  Glycol,  CjH^(OH)j, 
was  obtained  by  Wurtz  from  propylene  bromide  in  the  same 
way  as  ethylene  alcohol  from  ethylene  bromide.^  It  is  also 
formed  when  propylene  bromide,  nmed  with  about  thirty-six 
parts  of  water,  is  boiled  in  connection  with  a  reversed  condenser 
until  it  is  all  dissolved.  In  this  way  about  43  per  cent,  of 
the  theoreticfJ  yield  is  obtained,  whilst  at  the  same  time  a  coxx- 
siderable  quantity  of  dimethyl  ketone  is  formed.  The  production 
of  these  compounds  is  explained  by  the  following  equations :  * 


CH. 

I 
CHBr 

CH^r 


2H3O 


I 
CH.OH        + 

I 
CHjOH 


2HBn 


CH. 

A 


CH. 


HBr 


i 


H,0 


HjBr 


2HBt. 


Propylene  glycol  is  a  thick  liquid  having  a  sweetish  taste,  and 
boiHng  at  188*^-4  (Linnemann).  At  0"  it  lias  a  specific  gravity 
1*054. 

Propylene  glycol  can  also  be  obtained  fr(^m  glycerin, 
Ca,(OH).CH(OH).CH,(OH).  If  this  body  be  gradually  brought 
in  contact  with  sodium  amalgam  untd  one  molecule  of  glycerin 
has  been  employed  fur  one  atom  of  sodium,  a  transparent  gum- 
like mass  is  formed,  and  this  on  heating  first  gives  off  water,  anrl 
then  evolves  a  gas,  whilst  a  liquid  passes  over  from  which  glycol 
may  be  separated  by  fractional  distillation.  The  quantity 
obtained  amounts  to  10  per  cent,  of  the  glycerin  employed.     In 

^  Thmt,  Ann,  Chrm,  Pharm,  cixiiL  187. 
»  Ann.  Ckiiii,  Phtjg  [3],  Iv.  438  ;  Ixiii  124. 
•  Nlnlcriftt,  Attn*  C?u^,  PAana.  latcvi  S57* 


^I^Sm 


--^'-^ 


-^     — 


jUg 


PROPYLENE  GLYCOL. 


127 


I        anc 

■  .f 


place  of  the  amalgam,  caustic  soda  may  alao  be  used  The 
residtte  containa  the  sodium  salts  of  several  adds,  and  many 
other  liquids  are  found  in  the  distillate  together  with  glycol.^ 
Jjmongst  these,  methyl  alcohol,  ethyl  alcohol,  propyl  alcohol, 
an  hexylene  have  already  been  detected.*  Wlien  propylene 
glycol  IS  heated  with  zinc  chloride,  propionaldehyde  is  formed, 
and  this  is  also  produced  when  the  glycol  containing  a  trace 
of  hydrochloric  acid  is  heated  to  215' — 220^' 

Propylene  glycol  contains  an  as3mimetric  carbon  atoin^  and 
Bel  has  successfully  endeavoured  to  convert  it  into  an 
optically  active  substance,  making  use  for  this  purpose  of  the 
action  othaderium  tertno  on  a  three  per-ccnt.  solution  of  the  glycol 
to  which  the  necessary  bacterium-ft>od  hiul  been  added.  After 
the  fermentation  had  proceeded  for  several  months,  propionic  and 
lactic  acids  were  found  in  the  liquid,  whilst  the  glycol,  which  had 
not  been  attacked^  exhibited  levro-rotatory  properties.* 

541  Propj/lene  Oxid^i,  C^H^jO.  This  body,  isomeric  with  pro- 
pionaldehyde and  with  acetone,  is  formed  by  the  action  of 
Caustic  potash  on  propylene  chlorhydrate  :  ^ 


CH, 
CH.OH 


+    KOH 


CH, 

I 
CH 


> 


+    KCl    +    HjO. 


i 


It  is  a  mobile  liquid  having  an  ethereal  smell  and  a  pungent 
teste,  and  boiling  at  35".  Its  specific  gravity  at  0"*  is  0'859,  and 
thnt  of  its  vapour  2*054.  It  is  soluble  in  water,  but  insoluble 
in  saline  solutions*  When  heated  with  a  solution  of  magnesium 
cliloride,  magnesia  separates  out^  and  when  sodium  amalgam  is 
a/Jded  to  its  aqueous  solution,  it  is  converted  into  isopropyl 
alcohob*^  The  oxide  prepared  from  active  propylene  glycol  is 
dextro*rotatory,  and  is  the  most  volatile  of  all  optically*active 
COT"  1^  which  have  as  yet  been  prepared. 

U  _,  /«r  Chl<yrhydrin,  CH3XJH(0H)CH,C1,  is  formed  by 
saturating  propylene  glycol  with  hydrochloric  acid.  The  opera- 
tion must  at  last  be  conducted  in  the  wator-bath,  and  the  pro- 
duct distilled.  The  distillate  is  saturated  with  sodium  carbonate, 

•  Belbonhek,  Btr,  Detdseh,  Chem,  €h»,  xiL  1S72» 

•  Jcmbiich,  BulL  Soe.  Ckim,  xjodr,  H0, 

•  Wnijemftnii,  Lkhif/g  Ann.  cxcii.  6L 
^  C&mpt.  Etnd.  xcii.  532. 

•  Oj»«f»  Ann.  Chaiu  FJwmi,  Suppl.  i.  253. 

•  Umifciiiaiiii,  ih.  cxl.  178. 
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and  the  oily  layer,  which  separates  out,  rectified,^  The 
same  com  pound  is  also  formed  by  the  union  of  propylene 
and  hypochlorous  acid.*  It  is  an  ethereal  smelling  liquid 
possessing  a  sweet  though  pungent  taste,  boiling  at  127^,  and 
having  at  0"  a  specific  gravity  of  1*1  S02.  On  oxiJation  it  is 
converted  into  monochloracetone  *  and  hence  it  is  chlorisopropyl 
alcohol. 

Propykm  Dichloridc,  C^H^jCl^,  is  not  only  formed  by  the  direct 
union  of  propylene  and  chlorine,  but  is  obt^ained,  together  with 
other  substitution-products,  by  the  action  of  chlorine  on  propane  ^ 
and  isopropyl  chloride.  In  the  latter  case,  the  isomeric  dimethyl 
methylene  dichlorido  is  also  formed  and  iu  larger  quantity,  but  if 
a  small  quantity  of  iodine  be  present,  more  of  the  former  body  is 
produced,  and  wlien  isopropyl  chloride  is  heated  mth  iodine 
monachlorido  to  ISO"*,  no  dimethyl  methylene  dichloride  is  formed, 
the  whole  product  being  propylene  dichloride,  mixed  with  small 
amounts  of  other  bodies.* 

Propylene  dichloride  is  an  oily  liquid,  smelling  like  ethylene 
chloride,  boiling  at  OG'^'S,  and  ha^ong  a  specific  gravity  at  14'  of 
1'1656.*  On  heating  with  alcoholic  p;tash,  it  yields  two  isomeric 
monochlor]jropylenes  which  will  be  afterwards  described. 

Propylcm  BrQmhtjdrin,  G^J&t{OH)^  is  formed  by  acting  with 
hydrobromic  acid  on  propylene  glycol.  It  is  a  liquid  boiling 
between  145"  and  148^ 

Propylme  Dibromide,  C^H^Br^,  is  a  liquid  similar  to  ethylene 
dibromide,  btJiling  at  14I°*6,  and  having  at  17**  a  specific  gravity 
of  1'94G3,  It  is  not  only  obtained  from  propylene  and  bromine, 
but  also  when  primary  or  secondary  propyl  bromide  is  heated 
with  bromineJ  When  brought  in  contact  with  acetic  acid  and 
zinc,  propylene  is  rapidly  evolved,  whilst  the  dichloride  under 
the  same  conditions  is  not  attacked  (Linnemann).  The  alcoholic 
solution  is  also  decomposed  by  zinc.® 

Propylene  Itdhydnn,  CjjH^I(OH),  is  formed  by  the  combination 
of  propylene  oxide  and  hydriodic  add.  It  is  a  liquid  which  can 
be  distilled  under  a  diminished  pressure,  but  is  very  easilv 
decomposed  (MarkownikoflF). 

'  Omt,  B\aL  Soe,  Chim.  1S60.  235. 

'  Markownikolf,  Jnn.  Ch^m.  Phann,  cliii.  251, 

*  U.  nnd  Cmnpt,  Rend.  Ixxii.  686,  728»  776. 

*  Sohorli'iiiMier,  iVcx:.  M&if.  Soc^  x^ii.  372, 

*  Frit'tlel  an<l  Silva,  Bull,  Site,  Chim,  xrL  3. 

*  Liniu'Tiiarin,  Ann,  Ch^m,  Pfmrm,  elxi.  62. 
'  Linnemann,  ih,  cxxxvi,  61  ;  clxi.  41. 

'  SabautfjeWi  Ber.  DeiU^h^  Chem,  Ots,  ix.  ISIO. 


TRIMETHYLENE  COMPOUNDa 


129 


I 
I 

I 


t^ijjylene  Di-iodide^  CjjH^Li  is  formed  by  the  union  of  iodine 

"'^th  propylene  in  the  sunlight.      It  is  an  oily  lic[uid  having  a 

^cific  gravity  of  2 '40,  and  is  easily  decomposed  on  exposure 

^  light,  or  on  heating,  with  liberation  of  iodine  (Berthelot  and 

de  Luca). 

Propt/lcTU  Nitrate,  C3H^(N03)2,  is  a  heavy  colourless  oily 
liquid,  obtained  by  adding  propylene  oxide  to  cold  concentrated 
nitric  acid** 

542  Propylene  Diamine, C,^^(KB.^^,  is  fonned  when  propylene 
dibromide  is  heated  for  3  to  4  days  to  100"  with  alcoholic  am- 
monia. The  product  of  the  reaction  is  treated  with  caustic 
potash  and  then  warmed  with  water  until  the  alcohol  and  excess 
of  ammonia  have  been  volatilized.  On  distillation  the  hydrate, 
2  C^HgfNHg^g  +  H^O^  passes  over  as  an  oily  liquid  boiling  pretty 
constantly  at  120^,  but  in  the  state  of  vapour  this  body  under- 
goes dissociation  as  is  shown  by  its  vapour  density.  In  order  to 
obtain  the  anhydrous  base,  the  hyrlrate  must  be  repeatedly 
rectified  over  sodium.  It  is  an  oily  liquid  boihng  at  119° — 120*, 
and  having  a  specific  gravity  at  lo"*  of  0"878.  Exposed  to  moist 
air  it  absorbs  water  with  such  avidity,  that  a  glass  rod  moistened 
with  the  substance  becomes  surrounded  by  a  thick  cloud,  and  the 
lemaining  portion  sohdifies  by  combining  w^ith  the  atmospheric 
carbon  dioxide  to  form  a  crysialline  mass. 

The  hydrochloride,  C^H^jCNH^Cl}^  is  also  rea^iily  soluble  in 
water,  crystalli2ing  in  long  white  needles.  It  forms  a  platino- 
clUoride,  tolerably  soluble  in  water,  crystallizing  in  four-sided 
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■  543  These  bodies,  which  have  also  been  termed  the  primary 

■  propylene     compounds,     contain    the     radical      trimethylene 

■  — CHj — ^CHg — CH2 — ,  a  body   not  known   in   the    free  state, 
P     The  point  of  departure  for  these  compounds  is  trimethylene 

ditvomide,  a  body  which,  together  with  propylene  dibromide,  was 
first  obtained  by  Geromont,  by  acting  with  hydrobromic  acid 
on  allyl  bromide,  the  following  reactions  taking  place  :  ' 


I 


*  Henry,  Brr,  IkidkiK  Chcm.  (ks.  iv.  502.  *  Hofmann,  t'i.  vi  808, 

'  Ann,  Chnn.  fiMmu  clviiL  S09  ;  see  also  R«1)otil,   Compks  £cndmf  Ixxin 
013. 
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Under  certain  circumstances,  which  will  he  afterwards  detailed, 
only  the  first  reaction  takes  place,  so  that  the  preparation  of  h 
pure  trimethylene  com  pounds  dues  not  offer  any  difficulty.  | 

Trhmtht/kTie  Alcohol,  or  Primary  Propi/kne  Glycd,  C^H^(0H)2. 
When  the  bromide  together  with  potassium  acetate  and  acetic 
acid  is  heated  to  100'*,  trimcthylau  dmcdate,  Q^JfiC^^O)^,  is 
formed,  a  bxly  hoiling  hetween  209°  and  210'',  and  tliis  yields  the 
glycol  on  saprmification  with  caustic  baryta.^  It  is  a  very  thick 
Bweet-tasting  liquid  boiling  at  216'^,  having  at  19**  a  specific 
gravity  of  r053,  and  being  miscihle  in  every  proportion  with 
water  and  alcohol.  ■ 

yCH2>^  ^         '   % 

Trimethylene  Oxide,  CH^v  /O,  is  formed  by  the  action  of 

solid  caustic  potash  on  the  chlorhydrin.  It  is  a  very  mobile 
liquid  boiling  at  50"",  possesses  a  pungent  taste,  and  is  soluble  in 
water. 

Trimdhykiit  Ckhrhydrin,  C3HqC1(0H),  is  prepared  in  aV 
similar  way  to  the  corresponding  ethylene  compound,  thongh  by 
this  process  some  quantity  of  trimethylene  chloride  is  formed 
at  the  same  time.  These  bodies  may,  however,  be  readily  sepa- 
rated, as  the  chlorhydrin  is  easily  soluble  in  water  It  is  an  oily 
liquid  bailing  at  160°,  and  ha%dng  a  specific  gravity  at  17**  of 
1-132. 

Trimdkifkru  ChloiHde^  C3H(jCl2,  is  best  prepared  by  heating 
the  bromide  together  with  mercuric  cldoride  for  some  time  to 
100°*  It  is  a  pleasantly  smelling  li<ptid  boiling  at  117**,  and 
having  at  15**  a  specific  gravity  of  r201.* 

Trimrtkykm  Rromide,  C3H^Br2,  is  best  obtained  by  passing 
hydrobromic  acid  gas  into  allyl  bromide  surrounded  by  a  freezing 

1  BelwiiU  Compt.  Rend.  Ixxix,  169. 

'  Eeboul,  Ann,  Chun,  Phys,  [5],  xir.  160. 
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imxture  at  — 19*"  to  -16*,  Wlien  the  liquid  is  saturated  it  is 
allowed  to  staud  at  a  temperature  of  35*  to  40**  in  the  dark,  and 
this  o]>erati<>n  repeated  until  no  further  absorption  of  hydro- 
bromic  acid  takea  place.^  It  is  a  liquid  boiling  at  163"  to  165^ 
and  having  a  specific  gravity  at  0''  of  2'0177.  It  diflfers  from  tha 
ordinary  i>ropylene  bromide  not  only  by  its  high  boiling  point, 
but  also  inasmuch  as  it  is  not  attacketl,  in  alcoholic  solution,  by 
zinc  (Sabanejow).  When  heated  with  sodium  to  220**  Reboul 
and  Bourgoin  found  that  ordinary  propylene  is  formed.*  On 
the  other  hand,  Freund  obtained  a  gas  which  combined 
witli  difficulty  with  bromine,  with  formation  of  trimethyleue 
bromide,  and  united  with  hydriodic  acid  to  form  primary 
propyl  iodide.*  Henco  this  gas  is  trimethylene,  which,  if  it 
contiun  no  free  combining  imits,  possesses  the  following 
Qonstitution : — 


H  H 

\     / 

H C C 


H 


H 

Mdhylme  Di-iodkh,  C^HJ^^  is  obtained  by  heating  the 
glycol  with  hydriodic  acid.  It  boils  at  about  227^  with  partial 
decomposition,  but  may  be  distilled  at  low  pressures  without 
undergoing  change  (Freund)* 


DIMETHYl-METHYLENE     COMPOUNOa 

544  The  starting-point  of  thes^  is  the  oxide,  a  body  already 
described  as  common  acetone,  or  dimethyl  ketone  (Part  I,  p.  568). 

D'imdki/i-Tfuthi/lene  Chloride^  ^^^fiC\^,  was  first  prepared  by 
Friedel,  who  termed  it  methyl  chloracetol,  by  acting  with 
phosphorus  pentaehloride  on  acetone  :  * 

CH8.C0.CHg  ^  PCI,  =  CH,.CCU.CH3  -h  POCV 


'  Krlcimi<?ycr,  Aniu  Chtm.  Fhann.  cxoriL  180. 

»  Hull,  Soc.  Vhtj/L  xx^iii.  54. 

■  MmiaUh.  Ch*m,  ii.  042.  *  Ann*  Chem,  Pharm,  cxii  236- 


In  order  to  prepare  tWa  body,  acetone  is  allowed  to  drop 
slowly  on  to  wcU-cooled  phosphorus  pentachloriile,  and  the  di- 
chloride  separated  from  sume  monocLlorpropylene,  also  produced, 
by  fractional  distillation.^  m 

The  same  compound  is  also  formed  together  with  propylene 
chloride  by  the  action  of  chlorine  on  isopropyl  chloride.*  It  is  a 
colourless  liquid  boiling  at  Gd^*7,  and  having  a  specific  gravity  at 
ie°  of  1-1827.^ 

Bimethyl^mdhyhne  Bromide  (CH^Jj^CBrg,  also  termed  methyl 
iroTJiac^tolj  is  obtained  by  the  action  of  phosphorus  pentabromide  * 
or  phosphorus  chlorhromide  *  on  acetone.  It  is  best  prepared 
from  propylene  bromide,  which,  when  heated  with  alcoholic 
potash  yields  a  mixture  of  a-bromprupylt!ne,  Cll3.Cir~CHBr, 
boiling  at  CO**,  and  ^-brompropylene,  CHy.CBrzzCH^,  boiling  at 
48".  If  this  mixture  then  be  treated  with  highly  concentrated 
hydrobromic  acid  for  5  to  6  days,  the  chief  part  of  the  a-com- 
pound  remains  unchanged.  The  portion  of  the  product  boiHng 
between  llo'^and  135°  consists  mainly  of  methyl  bromacetol,  but 
also  contains  some  propylene  bromide  and  propidcne  bromide, 
which  may  be  readily  removed  by  allowing  alcoholic  pjtash 
solution  to  drop  slowly  into  the  boiling  liquid,  when  tiiey  are 
converted  into  a-brorapropylene  which  distils  olT.^ 

Dimethyl-methylene  bromide  is  a  liquid  boiling  at  114*'  to 
114°'5,  and  having  a  specific  gravity  at  0'  of  TSHO,  It  is  only 
with  difiiculty  attacked  by  alcoholic  potash,  but  easily  by  sodium 
ethylate,  when  j9-brompropylene  is  formed,  a  body  which  again 
combines  in  the  cold  with  hydrobromic  acid  to  form  methyl 
bromacetol.  If  the  latter  substance  or  the  chloride  he  heal 
with  sodium,  propylene  is  formed. 
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545  Propidenc  Ckhride,  CHg.CITg-CHCl^  is  formed  by  the  action! 
of  phosphonis  pentachloride  on  pn>pionaldeliyde.  It  is  a  ]ic|uid  I 
possessing  an  alliaceous  smell  and  boiling  at  So"  to  87**,  andj 
having  at  10°  a  specific  gravity  of  1143  (Reboul), 

^  Friodel  and  Ijidenbarg,  Jnn,  CJum.  Pharnt,  cxlii,  315. 

'  Fri<*(it'l  and  Silva,  Compi,  Ri^i,  liiiii.  1370. 

'  linniimaTin,  AnfK  Cfuym,  Phami,  ebd.  67. 

*  Lmnt'iTiaun,  ib.  exxxviiL  125. 

*  Friiiili'l  and  La*l»-nbiir(^,  ZcUsch.  Ch^m.  1808,  48. 
'  Ikboul,  Ann,  Chita,  I^kys,  [5jj  xiv,  453. 
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Propidau  Bromide,  CIi^.CHj.CHBrj,  a-BrorapropyleDe  com- 
1 "  '  avly  T^ith  hydrobroinic  acid,  with  fomaatian  of  propylene 
i  and  pn>pidene  bromide.     This  latter  is  a  liquid  boiling 

at  about  130". 

The  chlorides  and  bromides  which  have  now  been  described 
clearly  show  the  influence  which  the  position  of  the  halogen  in 
the  molecule  exerts  on  the  boiling  point. 


Triiaethvlene  Chloride, 

CHjCLCHjCILCl 

iir. 

Propidenc  Chloride, 
86. 


Propvlene  Chloride. 

CH,.CHCLCH,CL 

Diemetliyl  Mc  thy  lane  CUoride. 
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Lactic  Acid,  ok  a-OxYPBOPioNic  Acid, 

CH,,CH(OH)CO.^H. 

546  This  acid  was  discovered  by  Scheele  in  1780  in  sour  milk, 
land  was  termed  by  him  acidum  UlcIu  8.  (/aladicum.  At  first 
cheele  believed  that  this  substance  most  closely  resembled 
acetic  acid,  but  afterwards,  having  discovered  malic  acid,  he  came 
to  the  conclusion  that  the  acid  from  sour  milk  more  nearly  re- 
sembled this  fruit  acid*  Up  to  the  year  1804'  Sclieele's  acid  was 
believed  to  be  a  distinct  compound,  but  in  that  year  Bouillon- 
Lagrange,  and  in  180G  Four(jroy  and  Vauquelin,  put  forward 
the  notion  tlmt  it  is  merely  acetic  acid  containing  some 
aaimal  matter.  This  v'iew  was  held  by  many  chemists  and 
was  made  the  subject  of  many  varying  statements,  Berzelius 
especially,  who  in  1808  discovered  this  acid  in  the  juice  of 
fleshy  held  at  different  times  views  respecting  the  identity  of 
this  acid  which  were  antagonistic  to  one  another*  It  was  by 
the  analyses  of  Liebig  and  Mitscherlich  in  1832  that  the 
individuahty  of  lactic  acid  was  first  established,  Pelouze  and 
Gaj-Lussac  arriving  at  the  same  result  in  the  following  year. 
The  acid  found  by  Bracconnot  at  Nancy  to  be  contained  in  sour 
tan-liquor  and  in  the  acid  runnings  of  the  starch-makers  and 
similar  liquids,  and  to  which  he  gave  the  niune  of  nanccic  acid, 
WBB  shown  by  A,  Vogel  in  1818  to  be  lactic  acid. 
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Liebig  then  proved,  in  1847,  that  tlie  lactic  acid  obtained  from 
flesh  difiered  from  ordinary  lactic  acid,  and  from  this  time  up  to 
the  present,  lactic  acid  has  been  investigated  by  many  ehemista 
Tliese  researches  have  tended  greatly  to  the  development  of 
theoretical  views,  as  well  as  to  the  enlargement  of  our  ideas  con- 
cerning the  theory  of  types,  and  that  of  the  linking  of  atoms. 
The  molecular  weight  of  lactic  acid  was  taken  to  be  double  of 
that  which  is  now  adopted,  until  Wnrtz  showed  that  it  is  formed 
b}^  the  oxidation  of  propylene  glycol  in  contact  with  air  and 
platinum  black,  ^  That  the  acid  is  oxypropionic  acid  was  proved 
by  Koibe,  who  first  ascertained  that  lactyl  chloride,  C^H^OCl^, 
obtained  by  Wurtz  by  the  action  of  phosphorus  pentachlorido 
on  calcium  lactate,  is  identical  with  cblorpropionyl  chloride,^  and 
this  view  was  confirmed  by  Ulrich,  who  found  that  a-chlorpro- 
pionic  acid  when  heated  with  alkalis  passes  into  lactic  acid.* 
The  same  holds  good  for  a-brompropionic  acid.* 

Lactic  acid  was  first  abtainted  synthetically  by  Strecker, 
who  acted  with  hydrocyanic  acid  on  aldehyde-ammonia, 
obtaining  a  compound  which  he  termed  alanin.  This  sub- 
stance is  amidopropionic  acid,  and  it  is  transformed,  in  aqueous^— 
solution,  into  lactic  acid  by  means  of  nitrogen  trioadde,*  ^^^| 
more  ready  meth^xl  of  obtaining  the  body  by  synthesis  is  to 
allow  a  mixture  of  aldehyde,  hydrocyanic  acid,  and  hydrochloric 
acid,  to  stand  as  long  as  saJ-ammoniac  separates  out.**  In  thia 
case,  the  two  first  of  these  unite  together  to  form  oxypro- 
pionitriJ,  a  body  which  will  l:»e  described  further  on,  and  thia 
is  converted  by  the  hydrochloric  acid  into  lactic  acid : 


CH,,CH(OH).CN  +  2H.,0  -H  HCl  -  CH„.CH(OH).CO,H  + 
'  NH.CL 

As  lactic  acid  is  produced  from  aldehyde  or  ethidene  oxide^ 
it  has  been  termed  tthidem  lactic  acid,  to  distinguish  it  from 
its  isomerides.  It  is  easily  foimed  by  a  peculiar  fermentation 
which  the  various  sugars  undergo,  and  hence  it  has  been  termed 
fermcfUation  lactic  amd.  It  also  occurs  in  opium,  and  to  this 
the  name  of  thebt>lactic  acid  was  given,  as  it  was  formerly 
believed  to  be  a  distinct  compound,  but  it  is,  in  fact,  identical 


( 


'  Comptes  liendust  x\v,  S06  j  xlvL  12  8  j  Ann,  Chem,  Phami,  cv.  202 ;  oviL 
1^3.  >  IL  cut,  257.  *  Ik  2«8. 

*  Friedcrl  and  Macbuca,  ib.  cxx,  285. 

•  Streckcr,  ife,  Lxjtv.  27  mid  42.  •  Wiflhoeiius,  i6.  cxxviiL  22. 
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witli  a-ox}'propionic  acid.^  This  is  also  the  case  with  the  lactic 
acicj  produced  iii  certain  diseases,  as  in  dyspepsia,  where  it  occurs 
in.  the  gastric  juice,^  for  healthy  gastric  juice  does  not,  as  was 
fomierly  supposed,  contain  this  acid.^  It  is  tdso  found  in  sauerkraut 
(LdeWg)  and  in  the  juice  of  many  other  vegetables  which  have 
ttLned  sour. 

547  Preparation  hy  Fcrmciitatioyu     In  order  to  prepare  it,  the 

metiod  described  for  obtaining  but}Tic  acid  from  sugar  is  used 

(P^SLitl.  p,  591),  the  fermentation  being  stopped  when  the  mass  has 

beoome  solid  from  the  formation  of  calcium  lactate.    This  salt  is 

th^n  decomposed  by  sulphuric  acid,  and  the  filtrate  treated  with 

zioc  carbcmate,  when  zinc  lactate  is  formed,*    A  simpler  plan  is  to 

form  tliis  salt  at  once  by  adding  two  kilos,  of  zinc* white  instead 

of   chalk.    After  two  or  three  weeks  a  magma  of  zinc  lactate 

is     formed,  which  is  purified  by  recrystallization.     It   is  then 

dissolved   in   boiling  water  and  precipitated    by  sulphuretted 

tjrdrogen.^     The  filtrate  is  concentrated  on  a  water-bath,  until 

tttannite,  deposited  together  with  the  zinc  salt,  separates  out, 

fcirrniiig  a  pasty  mass.     Tliis  is  then  dissolved  in  the  smallest 

possible  quantity  of  water,  and   the   lactic   acid  removed  by 

ilLating  up  with  ether. 

-Accordiug  to  Pasteur,  the  lactic  acid  ferment  consists  of  ovoid- 
c^ll^  {Fcnieillium  glaucmn)  usuaUy  floating  on  the  surface  of 
the  fernienting  liquid  in  the  form  of  a  thia  scum.  This  ferment 
fl^tis  up  the  hictic  fermentation  in  solution  of  the  various  kinds 
w  sxigar,  especially  of  the  glucoses,  when  kept  neutral.  Access 
^  wt  is  necessary  as  well  as  nitrogenous  foml,  such  as  bay 
^^^^on,  &c.  The  pure  ferment  forms  lactic  acid  only,  without 
y^pruducts,  and  it  even  converts  alcohol  in  prest^nce  of  infusion 
^^<>  lactic  acid,^  Lactic  acid  is  also  formed  together  with  other 
P^ocJucts  when  grape-sugar,  cane-sugar,  or  milk-sugar  is  heated 
^"^t^li  caustic  soda/ 

tS^%  Wlien  a  solution  of  lactic  acid  is  evajiorated  on  a  water- 
J^^^,  a  syrupy,  inmlorous,  strongly  acid  liquid  remains  behind, 
^  i«  is,  however,  not  the  pure  acid,  but  always  contains  wat^^r  j 
^*^l  on  continued  evaporation  lactic  anhydride  is  formed.  This 
\ 
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teachiinarj,  B^r,  Ikiit^ch,  Chem.  Gen.  iii.  1S2. 

^idjitx,  JaAre^h,  1849,  525. 

^tialj,  Jfin.  Ch^nn.  Pharm.  dxxiii.  244  ;  Kabatcau,  Co^npt,  P^td,  btxx.  61. 

-^cnacb,  Ann.  Chtm,  Pfiann^  clxi.  175. 

X^utemAQD,  ih,  wciii.  H2, 

^outroiLX,  CofHpt,  Iknd.  Ixxxri*  605. 

lioppt-StyJcr,  B^r,  IkuUch.  Chem,  Qtt,  it.  846. 
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formation  of  lactic  anhydride  also  occurs  when  the  solutioik  -^ 
allowed  to  evaporate  at  the  ordinary  temperature  in  air  whi<^^  ^ 
is  kept  dr}%  and  when  all  the  water  is  eva}x>rated  a  fo^*^" 
mation  of  lactide  takes  place,^  The  following  table  gives  ti^^^ 
composition  of  some  of  the  preparations  thus  obtained. 

No.  1.    A  thin  syrup  purified,  as  above,  with  ether,  and 
residue  evaporated  in  aqueous  solution. 

No,  2.   A  syrup  obtained  after  the  same  acid  has  dried  fc»^ 
four  months  over  sulphuric  acid. 

No.  3.  Tlio  same  after  thirteen  months ;  a  thick  syrup  inaolubl^ 
in  water. 

No.  4.  The  same  after  sixteen  months ;  a  treacly  syrup. 

No.  5.  After  eighteen  months ;  a  thick  gummy  mass. 


4 


]. 

*> 

3. 

4. 

Water,  Kp    .     . 

156+ 

4-67 

— 

— 

Lactic  Acid,  CgH^g 

O8-80 

22-43 

— 

— 

Lactic  Anliydride.  ) 

25-56 

73-50 

97-85 

71-41 

Lactide.  CflHgO,  . 

— 

— 

206 

28-69 

6. 
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Pure  anhydrous  lactic  acid  has,  therefore^  not  yet  been 
obtained. 

When  a  galvanic  current  is  passed  through  a  concentrated 
solution  of  potassium  lactate,  the  lactic  acid  decomposes  into 
carbon  dioxide  and  aldehyde,*  When  the  acid  is  heated  with 
dilute  sulphuric  acid  to  130"  it  is  decomposed  into  aldehyde  and 
formic  acid.^  Aqueous  cliromic  acid  solution  acts  in  a  similar 
way,  but  the  products  which  are  formed  undergo  partial  oxida* 
tion  into  acetic  acid,  carbon  dioxide,  and  water.*  Nitric  acid 
oxidizes  it  to  water,  carbon  dioxide,  and  oxalic  acid.^  Lactic 
acid  is  used  in  medicine. 

The  Lactates. 

549  The  lactates  of  the  alkali  metals  are  almost  all  uncrystal- 
lizable  and  very  deliquescent.  They  are  soluble  in  alcohol,  and 
are  precipitated  from  an  alcoholic  solution  by  etben    They  form 

1  WUlicenns,  Artiu  Cfu^i.  Pharm.  ckiv.  181*  '  Kolbe,  it.  cxiiL  244, 

•  Erlenmeyer,  ZriUch.  Chrm.  18*? 8,  343. 

•  Dosflios,  VaArt^&.  18(!6,  384;  Chapman  fttid  Smith,  Joum,  CT^em*  Soe,  [2],  ▼. 
173. 

•  Gaj-Lusaac  and  Pelouz*?,  Ann,  Chem,  Pfmrm.  viL  40 ;  Debug,  ift.  cxxvi,  13S. 
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double  ssdts  with  the  lactates  of  various  other  metals,  some  of 
which  crystallize  well 

Sodium  LactaU,  CjH^OgNa.  If  the  nearly  anhydrous  salt 
be  allowed  to  remain  for  some  months  in  a  vacuum  it  is  con- 
verted into  a  sohd  mass  consisting  of  long,  extremely  fine,  hair- 
Hke  crystals.  When  heated  to  130° — Ibif  it  melts,  and  dissolves 
eodium  with  evolution  of  hydrogen  when  the  so-called  lasio 
sodium  lactate,  CH3.CH(ONa).C02Na,  is  funned.  The  mass  then 
becomes  s}Tupy,  so  that  the  conversion  of  the  normal  salt  into 
the  h$i^c  one  is  not  perfect.  Water  decomposes  this  latter  com- 
pound, in  a  similar  way  to  sodium  ethylate,  into  the  normal  sxdt 
and  caustic  soda  (Wishcenus). 

Calcium  Ladide^  {fl^^^j^^^  -f  5HjO^  forms  white  opaque, 
warty,  or  granular  masses,  consisting  of  microscopic  rhomhic 
needles.  They  dissolve  in  9*5  parts  of  cold  water,  and  are  much 
more  readily  soluble  in  hot  water.  If  the  solution  be  allowed  to 
evaporate,  the  salt  separates  out  in  Hglit  cauliflower-like  masses, 
which  cover  the  sides  of  the  ve^ssel  On  heating,  it  readily  loses 
its  water  of  crystallization,  and  at  250^ — 275^  parts  with  one 
Diulecule  of  water,  calcium  diladate,  (CH^CH)jO(CO^)jCa,  being 
produced*  This  forms  a  tumified  mass*  Absolute  alcohol  dis- 
solves out  of  this  some  unaltered  calcium  lactate,  the  new  com- 
pound remaining  behind  as  a  difficultly  soluble  residue.  The 
correspi:>nding  free  acid  is  not  knoivn*  Tbe  nonnal  salt  combines 
with  lactic  acid  to  form  the  so-called  acid  calcium  lactaU, 
crj'5.tallizjng  in  fibrous  masses  resembling  wavellite. 

Ztm  Ladtdr,  (C3H^O^)5jZn  +  SH^O,  is  the  most  characteristic 
salt  of  this  acid*  It  separates  from  hot  saturated  solutions  in 
crusta  consisting  of  monoclinic  prisms,  wliich  dissolve  in  about 
60  parts  of  cold,  and  in  6  ports  of  boiling  water;  it  is  almost 
insoluble  in  absolute  alcoboh    It  is  used  in  medicine. 

Ferrcnta  Ladate,  {Q^lfi^^th  4-  SH^O,  ciystallizes  in  light 
yellow  needles,  which  dissolve  in  48  part^  of  water  at  10",  and  in 
12  parts  of  boiling  water*  It  is  employed  in  medicine  as  a  nuld 
T-r  y>;iration  of  iron,  and  is  prepared  cither  by  dissolving  iron  filings 
!i-  ij<»t  lactic  acid,  or  by  decomposition  of  calcium  lactate  with 
ferrous  sulphate*  It  is  also  produced  when  milk  sugar  is  allowed 
to  ferment  in  presence  of  iron  filings,^ 

In  addition  to  these  lactates,  many  others  are  known. 
These  have  been  chiefly  investigated  by  Engelhardt  and  Madrcll,^ 

■  Wohlcr,  AnA,  Chcm.  Fharm.  xMU.  149. 
"  IK  btuL  6S. 
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and  by  Briiiiing;^  Of  these,  stannous  lactate,  (C^^fi^^n^i 
may  be  mentioned.  It  is  obtained  as  a  crystalline  precipitate 
by  adding  sodium  lactate  to  Btannous  chloride.  The  existence 
of  this  singtdar  com]>ound  was  formerly  regarded  as  proof  that 
lactic  acid  is  a  dibasic  acid.  Its  constitution  is  probably  repr 
sented  by  the  following  graphical  formula : 

CH3CH.0  o.cacH. 

I        \Sn  =  Sn(     I 

co,o/         ^o.co 


THE  ETHEREAL  SALTS  OF  LACTIC  ACID. 

550  £tkifi  Lf(c(ait\  O^J^JS^M^,  was  first  prepared  by 
Strecker  by  ilistilling  a  mixture  of  calcium  lactate  T\^th  calcium 
ethyl  sulphtite.^  It  is  best  prepared  by  passing  the  vapour  of 
absolute  alcohol  into  lactic  acid  heated  to  170"* — 180^'  It  is  a 
peculiarly  smelling  liquid,  boiling  at  IS^^'S,  and  having  at  0*  a 
specific  gravity  of  \'Qh4fQ^  It  is  miscible  with  water,  but  then 
decomposes  quickly  into  ethyl  alcohol  and  lactic  acid. 

Methyl  lactate,  Q^YipjGn^),  boils  at  144''8,  and  has  at  0^ 
a  specific  gravity  of  r08f)8  (Schreiner). 

EtMjl  Lactic  Aciil  CHgCHCOC^HJCO^H.  In  order  to  pre| 
this  compoimd,  which  is  also  known  as  Etkoxy propionic  At 
the  ethyl  etlier  is  employed,  and  this  is  obtained  by  acting  with 
sodium  ethylate  on  the  ethyl  ether  of  a-chlorpropionic  acid.*^™ 
By  boiling  tliis%vith  caustic  potash  the  ]x*tassiiimsalt  is  obtaine<i^H 
and  in  order  to  remove  the  free  caustic  potash  it  is  neutralized 
with  dilute  sulphuric  acid  and  evaporated  dowTi.   Potassiuna  ethyl 
lactate  is  extracted  from  the  residue  by  alcoliol,  the  solution 
evaporated,  and  the  salt  distilled  with  dilute  sulphuric  acid.       ^^ 

Sodium  ethyl  lactate  is  also  formed,  together  w^ith  methylene^ 
iodide  and  other  products,  when  iodoform  is  heated  with  sodium 
ethylate   in   alcoholic  solution.     The   acid   thus  obtained   was 
described  by  Butlerow  as  vakrolactic  a^id.^     The  explanation 
of  its  formation  in  this  complicated  reaction  is  still  wanting. 

It  is  a  thick  liquid  having  a  strongly  acid  reaction,  and  is 

*  Jnn.  Chem.  Pharm  civ,  192.  '  i&.  xci.  855. 
'  Wislicfims,  ih,  t-xxv.  5S. 

*  S<'bnjiijer,  Ann.  Chem.  Pknrm.  cxcYii.  12, 

*  Wiirtz.  Ami.  Chxm.  Phiis.  \H\  lix.  171. 

*  Ann,  Cfum,  Phann.  cxiv,  204  ;  cxviii.  325. 
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•  soluble  in  water,  alcohol,  and  etber,  and  boils  with  slight 
decomposition  at  195'' — 108^ 
Its  most  characteristic  is  silver  ethyl  lactate,  C^H/OCjjHfljCO^Ag, 
Irbich  crystallizes  from  hot  water  in  silky  needles,  and  is  also 
tolerably  soluble  in  cold  water. 

Ethyl  Et)wladat4,Cn^,CH{0C.;j^^)C0f:M^,  is  not  only  pro- 
duced in  the  above  reaction,  but  is  formed  when  ethyl  lactate 
is  treated  with  potassium  an<J  then  with  ethyi  iodide,*  It  is 
a  mobilei  pleasantly  stmelling  liquid,  boiling  at  155^  and  having 
at  0^  a  specific  gravity  of  0*9498  (Schreiner). 

KUroxylaciic  Acid,  CH.CHCNOJGO^H,  This  nitrate,  which  is 
usually  called  nitrolactic  acid,  is  obtained  by  dissolving  lactic 
acid  in  a  mixture  of  concentrated  nitric  and  sulphuric  acids  and 
subsequent  precipitation  with  water,  when  it  is  thrown  down  as 
a  thick  oil,  easily  soluble  in  ether,  which  decomposes  with 
fbnnation  of  oxalic  acid,  hydrocyanic  acid,  and  water.* 

CHyCH(NOg)CO.OH  =  C0(OH).C0.OH  ^  CHN  +  H,0. 

Its  ethyl  ether  is  formed  in  a  similar  way  to  the  acid.  It  is  a 
TOobile  liquid  possessing  a  sweet  and  pungent  taste,  and  smelling 
like  ethyl  nitrate.  It  boils  at  178",  and  at  13'  has  a  spocitic 
gravity  of  1*1 534* 

Acttoladic  Acid,  CHa-CHCOCgH^OjCO^H,  The  ethyl  ether 
of  this  acid  is  formed  by  the  action  of  acetyl  chloride  on  ethyl 
acetate,  and  is  a  pleasantly  smelling  liquid,  boiling  at  177^  and 
having  a  specific  gravity  of  10458  at  IT*  When  heated  with 
twice  its  volume  of  water  for  2  to  3  hcmrs  to  150°  the  free  acid 
IB  formed.  This  is  a  thick  acid  syrup,  and  is  easily  decomposed 
by  alkalis  into  an  acetate  and  a  lactate.* 

Lactyl  Ethyl  Lactate,  CUf^K(Oi\Rp;^CO^yC.K^),  is  formed 
-when  ethyl  chlorpropionate  is  heated  to  IOC  with  a  solution  of 
|*otassium  lactate.  It  is  an  oily  liquid,  boiling  at  235°,  and 
having  at  O^'a  specific  gravity  of  ri34.* 

551  Xa<r/<?tecftc^n:rf,CH3.CH(OH)C02.CH(CH.,)COja  This 
compound,  which  is  usually  called  lactic  u}iliydride,  was  fimt 
obtained  by  Pelouze  by  heating  lactic  acid  to  130"— 140^^  It 
is  also  formed,  as  has  been  stated,  when  a  solution  of  lactic  acid 
is  allowed  to  evaporate  at  the  ordinary  temperature  (p.  135),  or 

1  Frif<lel  und  Wnrtjj,  Ann,  Chim,  Phj/K  [3],  Ixiii.  117. 
=  H.-nry,  B*^r.  Ihutjfch,  Vhcm,  Oes,  in,  532  ;  xii.  1837. 
'  Wi9ljc<»n«9,  Ann,  Ch^m.  Ph<trm.  crxv.  60. 

*  Wurtz  nod  FrierJui,  Vampt,  li^nd.  liL  I0«r. 

•  AntK  Ckem,  Pkarm,  Jxiii.  112. 
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when  potassiviin  lactate  is  heated  to  100° — 120'  with  a-brom- 
propionic  acid :  ^ 


I 
CHBr    + 

CO.OH 


KO.CO  CH, 

I  I 

CH.OH  =    GH.O.CO 

I 


CH3 


io. 


+     KBr. 


OH  CH.OH 


CH,. 


I 


It  is  a  light  yellow  amorj^hous  mass,  easily  soluble  in  alcohol 
and  ether,  but  scarcely  soluble  in  water.  It  is  a  monobasic  acid, 
fortning  salts  which  are  easily  converted  by  assumption  of  water 
into  a  lactate  and  lactic  acid,  Alkalis  at  once  convert  the 
anhydride  into  a  lactate.  When  its  ethereal  solution  is  treated 
with  ammonia,  ammonium  lactate  separates  out  and  lactamide 
remains  in  solution.^ 

o.co 

Zactide,  CH3.CH<;  ^CH.CH-,  is  formed  when  the  foi 

going  compound  is  disitUed,  or  wlien  dry  air  is  passed  ov< 
lactic  acid  heated  to  ISO"*/  It  is  scarcely  soluble  in  waw«, 
and  crystallizes  in  monoclinic  tables,  which  melt  at  124***5.  At 
255"*  it  boils,  and  pelds  a  vapour  having  a  specific  gra%^ty  of 
4 '81.*  AVhen  left  in  contact  vdth  water  fur  some  time  it  is  con- 
verted into  lactic  acid,  and  this  conversion  takes  place  quickly  in 
prescDce  of  alkalis, 

552  a-Cido^rapionic  Acid,  CHj-CHChCOaH,  is  formed  by 
the  action  of  chlorine  on  propionic  acid  or  its  anhydride.  It  is, 
however,  best  obtained  from  lac^tic  acid ;  by  the  action  of  phos- 
phorus pentachloride  on  the  calcium  salt,  Wurtz  obtained 
a'chlorpropionyl  cMoruh,  CHg.CHCl.COC I,  which  he  termed 
lactyl  chloride}  This  can  be  best  obtiiined  by  heating  well-dried 
lactic  acid  with  phosphorus  pentachloride  in  the  c^uantity  given 
in  the  following  equation  : 

C,H,03  +  2PClfi  =  CjH^OClj  +  2P0C1,  +  2HC1. 

the  proiluct  being  heated  until  no  more  hydrochloric  acid  is 
evolved.® 

'  Briiggen,  ZeU^th.  Chem.  186&,  S88. 

'  "Wtshcenus,  Ann.  Chem.  Pharm,  cixiiiL  257. 

'  Wislicenus,  ib.  clxviL  318. 

*  Hftiiry,  Ber.  IkutjtcJu  Ck^jn.  Gfs.  vii.  753. 

*  Wurti,  CtmpUt  Rendu^,  xlvi.  122S  ;  Ann.  Chem^  Pharm,  evil.  192. 

*  Brulil,  i?4jr.  IkutscK  Chan,  Gc^,  ii.  36. 
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I  puBgent,  fuming  liquid,  whicli  has  not  yet  been  obtained 
in  tbe  pure  state.  It  boils  above  140*  with  partial  decomposi- 
tion, and  this  titkes  place  also  when  the  substance  is  allowal  to 
eland.  Water  causes  rapid  decomposition  with  formation  of 
chlorpropionic  acid,  a  pungent-smelling,  caustic  liquid,  boiling 
at  186^  and  ha\ing  a  specific  gravity  at  0**  of  1"28.  It  is 
miscible  with  water,  and  forms  a  Bilver  salt  crystallizing  in 
quadratic  prisms,  much  more  soluble  than  silver  pruprionate. 
When  the  acid  is  treated  with  zinc  and  hydrochloric  acid  it  is 
reduced  to  propionic  acid. 

a-Elhyl  ChU>rj>r(>pionatc,  CY[^,(MC\.GO,lCM^),  is  easQy 
obtained  by  the  action  of  the  chloride  on  absolute  alcohol  It 
is  an  aromatic  smelling  liquid,  boiling  at  liS'*,  and  having  at  0'* 
a  specific  grvavity  of  11)79, 

a-Bromprajpionic  Acid,  CH^CHBr.CO^H,  is  formed  by  heating 
equal  molecules  of  bromine  and  propionic  acid  to  130V  fi^d 
also  by  heating  lactic  acid  with  concentrated  hydrobromic  acid 
to  lOOV  It  is  a  liquid  boiling  at  205**'5,  and  solidifying  at  — 17* 
ta  a  striated  mass*  When  boiled  with  twenty-five  times  its 
weight  of  water  fur  thirty  hours  it  is  converted  into  lactic  acid.** 

a-Ethyl  Brompropioiiate,  CjjH^BrCO^tCjH^),  is  formed  by  the 
action  of  phosphonis  pentabromide  on  ethyl  lactate,  and  is  a 
liquid  boiling  with  partial  decomposition  at  100"* — 1^0^ 

a-Iodpropiomc  Acid,  CH3.CHLC0.^H,  was  obtained  by  Wichel* 
haus  by  acting  with  phosphorus  diiodide  on  syrupy  lactic  acid. 
It  is  an  oily  hquid,  sliglitly  soluble  in  water,  which  has  not  been 
more  closely  investigated.* 


SULPHUR  COMPOUNDS  OF  LACTYL, 

553  Thioladic  Acid,  CH3.CH(SH).C0,H,  The  potassium  salt 
of  thiolactic  acid  is  obttiined  by  Injiling  one  part  of  ethyl  chlor- 
propionate  with  two  parts  of  potfissinm  hydrosulphide  for  two 
daya*  The  eolution  is  neutralized  with  hydrochloric  acid  and 
precipitated  with  lead  acetate  with  addition  of  ammonia.  The 
washed  lead  salt  is  then  decomposed  by  sulphuretted  hydrogen, 
and  the  add  extracted  from  the  filtrate  by  ether  ixxnX  converted 

'  FHedel  and  Machuca,  Ann,  Oam^  Fharm*  cxx,  286. 

*  KoktiJe,  ih.  cxxx.  15*  '  Fittig  and  Thomson^  (b.  cc.  79. 

^  IL  Gxliir.  1i52,  ^  SchoG^t.  iL  cxxix*  1. 
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a  Eecond  time  into  the  lead  salt  for  further  purification.     The 
acid  crystaUiises  from  water  in  hard  distinct  needles  which  melt 

at  ur} 

Thio-dikutic  Acid,  &(Cll)^{CK^^{COfi)^,  is  formed  together 
with  the  preceding  compound  as  an  oily  liquid  soluble  in 
water. 


AMIDO-COMPOUNDS  OF   LACTYL. 


554  a-Amidapropmm  Acid,  CH^CH(NH^.C02H,  was  first 
prepared  by  Strecker  by  heating  a  mixture  of  aldehyde-ammonia, 
formic  acid,  and  hydrocyanic  a<?id  together,  and  termed  by  him 
Alanin}  In  this  case  the  corre8i>onding  nitril,  a  body  to  be 
hereafter  described,  is  first  formed.  Alanin  is  also  formed  when 
a-ethyl  chlorpropionate  is  heated  with  ammonia/  or  when  brom- 
propionic  acid  is  treated  in  the  same  way  with  alcohohc  ammonia.* 
It  crystallizes  in  needles  or  monoclinic  prisms  which  i>osses8  a 
sweet  taste,  and  dissolve  in  4-6  parts  of  water  at  l?"**  They  are 
very  difficultly  soluble  in  strong  alcohol  Alanin,  when  carefully 
heated,  may  be  sublimed,  but  if  quickly  heated  it  decomposes 
chiefly  into  carbon  dioxide  and  ethylamine*  As  it  has  a  per- 
fectly neutral  reaction,  it  must  be  regarded  like  glycocoU  as  a 
saline  compound.  In  its  chemical  relations  it  resembles  amido- 
acetic  acid,  and  its  metallic  salts,  as  well  as  its  comix»und8  with 
acid,  resemble  those  of  glycocoll. 

Ladamide,  CH3.CH(OH).CO.NH2,  is  formed  by  the  action  of 
ammonia  on  ethyl  lactate,^  lactidoj*  or  lactic  anliydride.^  It 
forms  radiated  cryst*ds,  which  are  soluble  in  water  and  alcohol, 
but  difficultly  soluble  in  ether.  These  melt  at  74^  and,  when 
more  strongly  heated^  volatilize  without  decuinposition. 

Lcu'limide,  Cj^H^OX,  is  formed  when  alanin  is  heated  to  180' — 
200*  in  a  sti^eam  of  hydrochloric  acid : 


CH, 


CH, 


CILNH,    =    CH  +    ILO. 

1  I    >NH 

CO.OH  CO^ 


*  BOttiager*  Ann,  Chem*  PAorm.  gxcvL  103 

*  KolW,  ih,  cxiii.  220. 


*  KwkttkS  lA,  C3UCX,  18. 

»  Uriining,  ^6.  civ.  19?. 

*  Wurta  ftud  Fricdtfl,  Aniu  Chim.  Phui*,  [3],  Ixiii,  lOS. 

^  Wi&llci'nus,  Aniu  Cftem*  FhanUn  cxxxiii,  2r*I>, 
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It  is  soluble  in  water,  crystallizes  in  needles  or  tablets  which 
melt  at  gTS"",  and  sublimes  when  strongly  heated.  It  acts  as  an 
indifferent  body  towai'ds  both  aciils  and  bases,^ 

Many  other  compounds  belonging  to  this  group  are  known, 
which  closely  resemble  the  corresponding  compounds  in  the 
glyeolyl  series. 


CARBAMIDE  AND  GUANIDINE  COMPOUNDS 
OF  LACTYL* 


555  Lactyl  Urea,  CO''''^         I  ,  is  formed  when  a  mixture 

^Naco 

of  equal  molecules  of  aldehyde-ammonia,  potassium  cyanide,  and 
potassium  cyanate  are  evaporated  with  hydr(.»chlorie  acid.  From 
tho  product  of  this  reaction  the  above  comjxjund  can  be  separated 
by  a  mixture  of  alcohol  and  ether*  It  forms  warty  concretions 
or  transparent  crystals,  which  contain  one  molecule  of  water, 
which   they  readily  lose.      The   anhydrous    compound    melts 

at  i^:i\^ 

NH— CH^CHg 

Zdcturamie  Acid,  C0<^  )  ,  is   formed   when  the 

^NHj    CO.OH 
preceding  compound  is  warmed  with  baryta  water,  as  well  as 
wlieu  |x>ta8sium  cyanate  is  allowed  to  act  on  an  at|ueous  solution 
of  alanine  sulphate. 

Lacturamic  acid  crystallixes  from  dilute  alcohol  in  indistinct 
forms*  It  is  difficultly  soluble  in  water,  melts  at  155"  with 
flecomposition,  and  forms  salts,  some  of  which  are  amorphous, 
whilst  others  crj^stallize  well** 

Aiaereatine  or  Guanidopropiomc  Acid-^  C^HgN^Og,  This 
compound,  isomeric  with  creatine,  is  formed  when  a  concen- 
trated solution  of  alanin  and  cyanamide  is  treated  with  some 
ammonia  and  the  whole  mixture  allowed  to  stand.  It  is  more 
eftflily  soluble  in  water  than  creatine,  and  crystallizes  in  colour- 
leas  prismB.  The  isomerism  of  tho  two  compounds  is  explained 
by*  the  following  formulse  : 

1  Pren,  Ann,  Chem.  Pharm,  cxxxiv,  872* 
-  tTreeb,  B^,  DeuUch.  Chmt^  Gts.  vi.  1113. 
'  V teeth,  Ann,  CTtam^  Fkarm,  cbcv.  9&, 
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Alncrefitine. 

CH„CH— NH.C  =  NH 

I  I 

CO— 0— NHj. 


Crcfltine. 

CHj.N(CHa)0  N^H 
to  — 0  — IsHj. 


Alnciratiyiinc  or  Ladyl-Ouanidhu,  C^H^NgO  +  H^O,  is 
formed  when  the  foregoing  compound  is  heated  to  170" — 180\ 
It  crystallizes  from  water  in  long  needles  which  easily  lose  their 
water  of  crystallization,  Froni  alcohol  it  ciystallizes  in  small 
anhydrous  rhombohedrons.  Like  creatinine  it  is  a  strong  base 
and  fonns  corresponding  compounds,^ 


LACTYL  NITRILS. 

556  Ladyl  NiirU  or  a-OxypropionUrU,  CH3.CH{0H).CN,  13 
formed  when  equal  volumes  of  aldehyde  and  anhydrous  hydro- 
cyanic acid  are  allowed  to  stand  for  some  days  at  20** — 30"*.  It  is 
a  liquid  having  a  sharp  bitter  taste,  and  in  smell  resembling  its 
constituents,  into  which  it  is  partially  decomposed  on  heating. 
The  cluef  portion,  however,  distils  over  at  182'' — 184^  Caustic 
potash  decomposes  it  with  formation  of  potassium  cyanide  and 
aldehyde-resin  and  hydrochloric  acid  acts  violently  upon  it  with 
formation  of  lactic  acid,^ 

Ji  midopropianUril,  CH^-CKQiK^CS,  is  obtained  when  an 
aqueous  solution  of  equal  molecules  of  hydrocyanic  acid  and 
aldehyde  ammonia  is  acidified  with  suljjhuric  acid  and  tho 
mixture  allowed  to  stand  : 


CH3 

I 

CH.NH,    +    HON    = 


CH, 

I 

CaNHj    + 

CN 


H,0. 


It  is  an  oily  liquid,  possessing  basic  properties,  but  it  is 
extremely  unstable,  yielding  the  following  compound  on  standing, 
with  liberation  of  ammonia. 

a-Iniulopropiamtril,  NH[CH(CH3)CN]2,  forms  white  needles, 
and  separates  out,  on  the  slow  evaporation  of  its  ethereal  solution, 
in  monoclinic  crystals  which  melt  at  68^     It  is  a  weak  base,  and 


*  Bfttim*nn,  Jnn.  Cft^m,  Pharm,  clx%u.  77» 

*  Bin4«ion  amd  Cautkr,  Bull,  Htjc,  ChiHi,  [2],  viiL  277* 


purlieu  boiled  with  dilute  liydrocUoric  acid  or  barj'ta  water,  yields 
rnidopropionic  acid,  or  Diladamidic  aa<f,  NH[CH(CHjj)C0.>H]2, 
P^which  forms   a  deliquescent   amorphous  mass*      This  acid  is 
xnonobasic,  and  probably  has  the  following  constitution  ; 

CH3  CH, 

I  I 

CH.NH^— (JH 


I       I 
COO 


I 
CO.OH. 


"Nitrous  acid  converts  imidopropionitril  into  nitrmo-a-imido' 
fropionUril,  N(N0)[CH(CHJCK]2,  a  yellow  oil,  heavier  tlian 
water,  which  decomposes  on  heating,  with  fonnation  of  brown 
vapours,  a  smell  of  aldehyde  and  hydrocyanic  acid  being  at  the 
same  time  observed.* 

Hydrocyanaldine,  N[C(CHJCN]3.  This  body  was  first  ob- 
tained by  Strecker  by  allowing  a  mixture  of  aldehyde-ammonia, 
hydrocyanic  acid  and  b3"drochloric  acid,  to  stand,^  It  is  doubt- 
less a  product  of  decomposition  of  aniidopropionitril,  which, 
under  these  circumstances,  is  first  formed.  If  the  above  mixture 
be  allowed  to  stand  for  four  to  five  weeks,  crystals  are  deposited 
which  may  be  separated  from  the  mnido-  and  imido-propionitrils, 
which  are  formed  at  the  same  time.  It  is  difficultly  soluble  in 
water  and  somewhat  more  readily  soluble  in  alcohol  and  ethen 
In  presence  of  imidopropionitril  it  dissolves  in  the  latter  more 
readily,  and  separates  on  slow  evap>ratian  in  large  monticlinic 
prisms  which  melt  at  lla"^,  and  can  be  sublioied  by  careful 
heating  without  decomposition  (Erlenmeyer  and  PassavantJ, 

If  the  above  misture  be  all<  jwed  to  stand  for  a  few  months,  or 
if  it  be  heated  on  the  ^tiier-\m,i\i,2mrahydrQcya'iialdincis  formed. 
This  substance  is  difficultly  soluble  in  water  and  alcohol,  and  is 
insoluble  in  ether.  It  separates  from  a  solution  in  acetone  in 
rhombic  crystals,  which  melt  at  230* — 232*,  It  has  the  same 
composition  aa  liydrocyanaldioe,  with  which  it  is  no  doubt  poly- 
meric, the  cyanogen  being  converted  into  dicyanogen  and 
tricyanogen  (Erlenmeyer  and  Passavant). 

'  Erlenmeyer  and  PnaaaTnit,  Aniu  Chem,  Pharm,  cc  120. 
«  i6.  xcL  349. 
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SUBSTITUTION  PRODUCTS  OF  LACTIC  ACID^        — 

557  Tliese  bodies  have  not  been  obtained  directly  from  lacti 
acid,  but  may  be  prepared  by  other  reactioiLS. 

Momchhrlaciic  Acid,  CH^CLCH(OH),C02H.     The  nitril  oi 
this  bocly  is  obtained  by  the  union  of  monochloraldebyde  wit 
hydrocyanic  acid,  and  is  easily  decomposed  by  hydrocliloric  acii 
Chlorlactic  acid  is  very  easily  soluble  in  water,  alcohol,  and  ether^, 
and  crystallizes  in  fine  flat  oblique  prisms  which  melt  at  71°^ 
It  forma  crystalJizable  salts. 

Ethyl  Chlorlactaie,  C-jH^C103(C2H^),  is  a  colourless  crystalline 
saponaceous  mass.      It  melts  at  37°,  and  bjils  at  205*.^ 

]>ichlmiactic  Acid^  CHCM^.CHCOH^^COgH,  is  obtained  by  th& 
union  of  dichloraldehyde  with  hydrocyanic  acid  and  decomposi^ 
tion  of  the  resulting  nitril.  It  fonns  deliquescent  prisms  whicb 
melt  at  76^*5—77°.^ 

Truhhrhidic  Add,  CCl^.CH(OH).C02H.  The  nitril  of  this 
body  is  formed  by  the  unirjn  of  hydrocyanic  acid  with  chloral. 
It  is  easily  soluble  in  water  and  crystallizes  in  tablets  which 
melt  at  Gl**,  and  boil  at  215° — 220^  with  partial  decomposition. 
When  heated  with  concentrated  hydrochloric  acid,  trichlorlactic 
acid  is  formed,  and  this  may  be  separated  by  ether  from  the  sal* 
ammoniac  formed  at  the  same  time.  On  evaporating  the  solu- 
tion, the  acid  remains  behind  as  a  syrup,  which  solidifies  in  a 
vacuum  to  a  crystalline  mass  consisting  of  thin  prisms  which 
melt  at  105" — 110°.  Weak  bases  easily  decompose  it  into 
chloral  and  formic  acid,  whilst  alkalis  naturally  yield  chloroform. 
Hence,  in  preparing  its  salts,  all  heating  must  be  avoided,^ 

Mhi/l  Trkhhrlactate,  CCia.CH(OH).C02(C2HJ,  is  formed 
when  hydrochloric  acid  is  passed  into  an  alcoholic  solution  of 
trichlorlactic  acid.  It  crystalhzes  in  tablets  melting  at  GG''- — 67", 
boils  at  233**^ — 237^  and  is  insoluble  in  Ts^ater.  On  the  other 
hand,  it  is  easily  soluble  in  cold  dilute  aqueous  alkalis,  and  is 
precipitated  from  these  solutions  on  the  addition  of  aci<ls,  or 
even  by  carbon  dioxide.  Hence  it  behaves  as  a  weak  acid  in 
accordance  with  its  constitution.*     The  alkaline  salts  decompose 

*  Franks  Ann.  Chrm,  Phann,  ccvi.  338. 

^  Tiriiiifiux  Hiiii  Ad  tun,  Bcr*  Deutsche  Ciitm.  9i$,  %,  903 ;  xiiL  1864, 
'  PimnT  anil  BisfhotT,  Ann,  Cfwt/i..  rharm,  clxxix.  79, 

*  Clam'ii  iuid  Antweiler,  jSer.  DcuUcK  CAtfw.  Qta,  xiii.  1940, 
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ly  in  the  cold,  and  quickly  on  heating  with  formation  of 

ThlomlUh,  CjH^CltjOg.  This  peculiar  com  pound  was  first 
d  by  Stadeler  by  heating  chloral  hydrate  \\4th  concon- 
iulphuric  acid,  and  he  likewise  correctly  determined  it^ 
ition.^  Itj  however,  remained  unexplained  how  a  molecule 
dy  containing  two  atoms  of  carbon  can  be  converted,  by 
apparently  simple  reaction,  into  another  molecule  contain- 
aU»m3,  and  hence  the  fonnula  which  St^ideler  gave  was 
L  Kekule,^  however,  showed  that  no  mistake  had  been 
i.nd  Wallach  ^  solved  the  enigma  by  showing  that  on  heat- 
ioralide  with  absolute  alcoho!  to  140"" — 150^  chloml 
Site  and  ethyl  trichlorlactate  are  formed.  According 
^  chloraiide  must  be  looked  xipon  as  the  trichlorlactic 
f  trichlorethideoe,  and  Wallach  succcedeti  in  prepiu-ing 
impound    by   heating    chloral   with    trichlorlactic    acid 


< 


OH  •  0  V 

4  COH.CCL,  =  CC1,CH(^      /CH.CClg  +  H.O. 


CO.H 


brmation  from  chloral  doubtless  takes  place  in  several 
as  it  is  very  probable  that  the  lactide  of  trichlorlactic 
formed  by  separation  of  chlorofomi,  and  this  again  com- 
With  chloral.  In  order  to  preimre  chloraiide,  chloral 
*  is  mixed  with  three  times  its  voliimo  of  a  mixture 
pburic  acid  ajid  disulphuric  acid,  having  a  specific 
of  r84"  to  1*85,  and  the  whole  heated  until  the  chloral 
^  distil  oflf.  The  source  of  heat  is  then  removed 
B  flask  well  shaken  until  the  reaction  ceases.  The 
on  is  repeated  until  oily  drops  begin  t<3  condense  in  the 
I  the  flask,  and  then  it  is  allowed  to  cool  and  frequently 
.  The  chloraiide  which  separates  out  is  washed  with 
crater  and  crj^stallized  from  ether.  It  forms  lai-ge  pliable 
inic  prisms,  melting  at  114'^ — 115^  <and  boiling  at  270'' — 
Its  vapour  has  a  peculiar  smell  and  a  specific  gravity  of 
OtlicT  oxyacids  fonn,  like  tricldorlactic  acid,  compounds 
)us  to  chlorahde,  termed  by  Wallach  chloraiidcs,  of  which 
ijwing  may  be  mentioned : 


■  Ch^m,  Pharm,  M,  101. 
zeilL  L 


3  ih.  cv.  2n. 

*  Ber,  JhiUack.  Chtm.  G€i,  vilL  1400. 
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CHgOv 

GlycoUic  cUoraUde,    [  ^CH.CI,     .     .      41—42' 


/   0  \ 

Lactic  chloralide,  CH^CH^^  ^  ^     /CH.CCig 


45** 


CO.O" 


Bromni  also  fomis  a  a  series  of  hroinalidcs  (Wallacli). 
In  addition  to  the  chlorlactic  acids,  the  following  8ubstituti<^:3 
products  axe  known : 


^  Monobromlactic  acid,  CjjHgBrOj 
^  Dibromlactic  acid,  CjjH^BrgOa  . 
^  Tribromlactic  acid,  CgHj^Br^O^  . 
*  Moniodlactic  acid,  CgH^jIO^  .    . 


M,  P, 

,     89—90" 

98** 

141—143*' 

.     84—85" 
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559  PaTahcticAcid.,CH^,On{OB),CO^'ll.  It  has  already  been 
stated  that  Liebig  was  the  first  to  show  that  the  acid  contaiiied  fl 
in  the  juice  of  flesh  is  not  identical  with  common  lactic  acid, 
and  hence  it  was  termed  sanolaciic  acid.  The  same  acid  occurs 
in  the  bile,*  as  well  as  in  the  urine  in  cases  of  pfaosphoms 
poisoning.®  Engelhardt  ^  and  Heintz  ^  investigated  this  subject 
more  accurately,  and  the  latter,  who  detennined  the  composition 
of  the  acid  with  great  cai*e,gave  to  it  the  name  of  parala^tlic  add. 

For  the  purpose  of  preparing  this  acid,  extract  of  meat  is 
used.  Tliis  is  dissolved  in  four  parts  of  warm  water,  and  to  the 
solution  double  its  volume  of  90  per  cent,  alcohol  added.  The 
filtrate  is  evaporated  to  a  thin  syrup,  and  again  treated  with 
three  to  four  limes  its  volume  of  alcohol,  again  filtered  and  the 
filtrate  acidified  with  dilute  sulpliuric  acid,  and  paralactic  acid 
extracted  from  the  solution  by  shaking  with  etlier.  The  residual 
crude  acid  remaining  on  evaporating  off  the  ether  is  neutralized 
with  lead  carbonate,  and  the  filtrate  treated  with  sulphuretted 


^  Helikow,  Str,  Ik^dscK  Cli^m,  Org,  xiii,  958. 

*  Lmnemmmand  KViil^  tft.  viii.  1101. 

*  Pinner,  it.  vil  1501  ;  "WaOnch,  loc  cit. 

*  Streeker,  Ann.  Chan.  Ffmnn.  cxxiii.  35i, 

*  Schultzt-n,  ZatHcK  Cknfi,  1S67,  138. 
7  Attn,  Ufutn,  Pharm.  Ixy,  8G&. 


i  Glinsky,  ib,  vL  1257, 


*  Fo^,  Ann,  hacw,  891. 


PARALACnC  ACID* 


hydrogen.  The  liquid  separated  from  le^  sulphide  k  then 
.heated  to  boiling,  and  treated  with  zinc  carbonate,  ami  the  solu- 
ion  evaporated  until  the  zinc  salt  begins  to  ci-j^Btallizo  out,  when 
it  is  precipitated  by  alcohoL  The  salt  is  then  purified  by 
repeated  solution  in  water  and  precipitation  with  alcohol,  after 
which  it  is  decomposed  by  sulphuretted  hydrogen.^ 

Paralactic  acid  can  only  be  distinguished  from  ordinary 
(fermentation)  lactic  acid  by  the  fact  that  it  turns  the  plane 
of  polarization  to  the  right,  whilst  the  ordinary  acid  is  inactive.* 

In  a  dry  atmosphere  it  passes  into  the  anhydride,  which  is 
le\TO-gyratory,  and  when  heated  to  150'',  it  yields  common 
rlactidcj  which  combines  with  water  to  form  the  inactive  fermen- 
tation lactic  acid,^  Like  this  latter  substance,  paralactic  acid 
decomposes  on  heating  with  dilute  sulphuric  acid  into  aldeliyde 
and  formic  acid,  wliilst  chromic  acid  oxidizes  it  to  acetic  acid 
and  carbon  dioxide.  Both  acids  have  therefore  the  same 
constitution,  and  hence  they  are  physical  isomeridea. 

The  salts  of  paralactic  iicid  are  le\To-rotatory,  and  more  easily 
soluble  in  water  than  those  of  the  foraientation-lactic  acid. 

Calcium  Paruladatc,  ^^fl^fi^fio,  -h  ^H^O,  resembles  common 
calcium  lactate,  dissolves  in  12*4  parts  of  cold  water,  and  in  all 
proportions  in  boiling  water. 

Zinc  ParalactcUe^  {C^Jd^^n  -h  2HjjO,  crystallizes  in  neeflles 
which  melt  at  14"" — 15*  in  17*5  parts  of  w^ater,  and  are  only  very 
slightly  soluble  in  spirit  of  wine. 

Ethyl  Paralactaie,  C^fi^iPfi^,  corresponds  closely  to  ethyl 
lactate,  but  is  strongly  levro-rotatory.^ 

jimidoparalactamide,  CH3,.CH(NH^CONH2»  occurs  in  small 
qUiUitity  in  urine.  It  crj'Stallizes  from  hot  water  in  small 
prisms.  It  forms  deliquescent  salts  with  acids,  and  when  heated 
with  baryta  water  to  150**  it  decomposes  into  carbon  dioxide, 
iimmonia,  and  ethylamine.  Nitrous  acid  converts  it  into 
paralactic  acid,* 

1  Wwlireiiu*,  Ann,  r^     '    ^"  Tmi.  ckvii  802. 

*  Wislicenos,  Ber.  J  Jtt,  Ges.  ii.  650  and  619. 

*  Str««ker,  Ann.  tV.      .  ^.  cv.  31S  ;  Vrkiioeliua,  i&,  diri-  316, 

*  KJitUQtiko,  Jifum.  BttMt,  Owm.  (7cs.  xiL  17* 
i  Batmutiirk,  Ann.  Chan.  ^harm.  dxziiL  342. 
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560  Ilydracrylic  Acid,  or  ^-Oxyiyropionic  Acid,  CHj(0  ^ 
CHg-CO^H.  According  to  theory  two  oxypropitmic  acids  slio«-^^ 
exist: 

o-Oxypropionic  Add.  3-03cypropiomc  Add. 


CH3 

CH.OH 

I 
CO,H. 


CHj.OH 


CO, 


Four  diiferent  compounds  are,  however,  known.     Of  thes^^ 
the  two  which  have  already  been  described  are  physical  isome— ' 
rides.     They  exhibit  different  optical  pruj>erties,  but  chemically" 
they  are  identical,  and  they  are   distinguished   as  the   a-com— 
pounds.     The   two   other  acids   which,    from    their    mode   of 
formation,  are  termed  the  ^-compounds,  exhibit  totally  different  — 
chemical  rehLtions.  H 

In  1863,  WisHcenus  prepared  one  of  these  acids  syntheticaHy 
by  beating  ethylene  chlorhydrin  with  potassium  cyanide,  and 
boiling  the  nitril  thus  obtained  with  caustic  soda.  He  termed 
this  etktfhuc-lactic  acid,  and  first  thought  that  it.  was  identical 
with  sarcolactic  acid.  He  afterwards  found  that  this  latter  is  a 
mixture  of  optically  active  lactic  acid,  with  a  small  quantity 
of  ethylene -lactic  acid.* 

The  fourth  isomeric  acid  was  first  prepared  by  Beilsteln  by  the 
a<:^tion  of  silver  oxide  and  water  uixju  ^-iodpropionic  acid.  It  was 
termed  by  him  hi/dracri/H^  acid,  since  it  decomposes  on  heating 
into  water  and  acrylic  acid,*  Its  true  formula  was  ascertained 
by  Moldenhauer,*  and  it  was  investigated  more  accurately  by 
Heintz*  as  weU  as  by  Wislicenus.*  According  to  this  latter 
chemist,  if  is  distinguished  from  ethylene-lactic  acid  not  only  by 
the  different  properties  of  its  salts,  but  also  by  its  reaction  with 
hydriodic  acid,  as  on  heating  it  is  easily  converted  back  into 
^-iodpropionic  acid,  whilst  this  is  not  the  case  with  ethylene 
lactic  acid,^ 

Linnemann  fnind  that  when  acrylic  acid  is  heated  with  caustic 
soda,  hydracryiic  acid  is  formed,  together  with  an  almost  equal 

'  Ber.  Bnt^sch.  Chem.  Oes,  ii,  660, 

'  Ann.  Chrm.  Pharm,  cxxiL  368.  *  Ik  cxxtcu  328, 

*  Jb,  dvii.  2n,  *  Ik  clxvi,  6.  "  Jk  ckviL  8i6. 
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quantity  of  ethylene-lactic  acid.^  Wislicenus  observ^ed  tliat  in 
the  preparation  of  ethylene-lactic  acid  from  its  nitril,  some 
hydracrylic  acid  is  always  formed,  whilst  in  the  preparation  of 
hydraciylic  acid  from  yS-iodpropionic  acid,  a  small  quantity  of 
ethylene-lfictic  acid  is  also  produced,  but,  singulai'ly  enough, 
common  lactic  acid  also  occurs.^ 

The  latest  investigations  on  this  subject  are  those  of  Erlenmeyer* 
He  did  not  find  any  ethylene-Iactic  acid  iu  sarcolactic  acid. 
From  its  nitril,  which  he  was  the  first  to  prepare  in  the  pure 
statei  he  only  obtaiDcd  hydracrylic  acid,  together  with  some 
crylic  acid,  but  no  ethylene-Iactic  acid.  Moreover  he  could  not 
bbtain  this  latter  body  according  to  the  process  described  by 
Linnemann,  and  hence  his  belief  in  the  existence  of  etliyleue 
lactic  acid  has  been  somewhat  shaken,^  Hence  it  appears  probable 
that  this  is  only  an  impure  hydracrylic  acid,  or  a  mixture  of  this 
body  with  common  lactic  acid.  Farther  investigation  is,  how- 
ever, here  needed, 

561  In  order  to  prepare  hydracrylic  acid,  freshly  precipitated 
Iver  oxide  is  added  to  a  hot  solution  of  ^8  iodpropionic  acid  as 
'long  as  silver  oxide  is  precipitated,  the  filtrate  treated  with 
sulphuretted  hydrogen-water,  and  the  filtrate  evaporated  with 
»nc  carbonate.  On  slow  evaporation,  zinc  hydracrylate  separates 
out^  and  this  is  purified  by  recrystallization  and  then  decomposed 
by  sulphuretted  hydrogen,  Hydracrj^ic  acid  is  also  furmed 
when  ^-iodpropionic  acid  is  boiled  in  connection  with  a  reversed 
condenser  with  twenty-five  times  its  weight  of  water  for  sixteen 
hours-^ 

Hydracrylic  acid,  like  the  other  lactic  acids,  consists  in  the 
concentrated  state  of  a  thick  acid  syrup,  and  it  decomposes  on 
beating  into  water  and  acrylic  acid. 

Sodium  Hydracryhte,  CjjH^OjNa,  separates  out  from  its  solu- 
tion in  nearly  absolute  alcohol  in  colourless  crystals,  which  melt 

143^ 

Calcium  Hydracrylate,  (C^H^OJaCa  -h  2H2O,  is  easily  soluble 
in  water,  and  crystallizes  in  rhombic  prisms. 

Zi7ic.  Hydrai'rylatc,  (CgHj-p  jjZn  -f  ^H^O,  is  deposited  in  well- 
formed  tricUnie  ciystals,  which  dissolve  at  16°'5  in  0  8D  parts  of 

iter.     If  concentrated  solutions  of  this  salt  and  calcium  hydra- 

l^late  be  mixed,  they  deposit  a  characteristic   double  salt^ 


'  £er*  Ikutxdi.  Chem,  Oes.  viii.  1095. 
•  Ann,  Chrm.  Fh/tnn,  cxci.  261. 
^  FitUg  ik{id  TLoiii^oUf  ik  cc,  SI, 

n4 


*  li,  1208 
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(CgH503)2Ca  +  (C^Kfi^^n,  whicli  crystallizes  in  prisms,  and  ii 
very  slightly  soluble  in  water 

The  hyJnicrjdates  lose  water  oo  heating,  and  are  trans 
formed  into  the  salts  of  acrylic  acid,  Cyi^O.,,  or  diacrj^lic  acid 
C,H,0,. 

562  ^-Chlorpropiomc  Add,  CH^CICH..C02H,  is  formed  by 
heating  acrylic  acid  with  fniiiiDg  hydrochloric  acid  to  130",*  as 
well  as  by  btjiling  iod propionic  acid  with  chlorine  water,*  andfl 
by  oxidizing  trimethylene  chlorhydrra,^     It  is  crystalline,  easily^ 
soluble  in  water,  and  melts  at  78"  to  79°* 

0-Brompropumic  Acid.,  C^^T.GK^.COfi,  is  obtained  in  an 
analogous  way  to  the  foregoing  compound.     It  is  deposited  in^ 
crystals  which  melt  at  80^  to  90"> 

fi-Iodjjnqnonic  Aiidf  CH„LCH^.C02H.     In  order  to  pre  par 
this,  100  grams  of  phosphorus  diiotlide  are  gradually  added 
52  ec.  of  aqueous  glyceric  acid,  having  a  specific  gravity  of  1*26/ 
After  a  short  time  a  violent  reaction  takes  place,  which  is  usualljf 
followed  by  another  and  less  violent  one.     If  this  is  not  the  cas©^ 
the  reaction  must  be  brought  about  by  heat.     The  crystalline 
mass  obtained  on  cooling  is  then  boiled  with  petroleum  spirit  or 
sulphide    of  c4irbon.°     Its    formation    is   represented    by    the 
following  e([uatioii : 

Cn5j(0H).CH(0H).C0,H  +  3111  ^  CHaLCHj,C03lI  +  2H,0  +  Ii.  ■ 

No  free  iodine  is,  however,  formed,  as  this  acts  upon  the  phos- 
phorus acid  which  is  produced  in  presence  of  water  to  form 
phosphoric  acid  and  hydriodic  acid. 

The  acid  is  also  formed  by  heating  acrylic  acid  with  hydriodic 
acid.^ 

;3-Iodpropionac  acid  is  difficultly  soluble  in  cold,  but  easily 
soluble  in  hot  water,  and  readily  soluble  in  alcohol  and  ether. 
It  crystallines  in  glistening  laminaa  which  melt  at  100"^ — 101^ 

0-NUropropionic  Acid,  Cli^(1^0^,Cli^^.C0JL  In  order  to 
prepare  this  substance,  silver  nitrite  is  gradually  added  to  a  well- 
cooled  aqueous  solution  of  iod  propionic  acith  tlie  mixture  then 
acidified  \sitli  hydrochloric  acid  and  well  shaken  with  ether,  and 
the  residue  obtained  on  evaporation  crystallized  from  hot  chloro- 
form.    Nitropropionic  acid  forms  pearly  glistening  scales,  melting 

*  Litmcmann,  Ann.  Chrm,  Plmrm.  elxiii  95. 
="  Kichttir,  Zritach.  Clum.  ISflS,  45 L 
'  Kaysser,  ImmguraldiM,  MUndi^n^  1875.  *  LiiitiemAnti  ;  Rickter, 

*  Bdlstrin,  Ann,  Ch^m.  Fharm*  caac  226;  cxxiL  it 66. 

*  Erltiwucyer,  t*.  cxci  281.  '  WUlicenujij  16.  clxvi.  J 
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at  SC — 67**,  and  ea&ily  soluble  in  water.  Tlie  salts  are  voiy 
lanstable.^ 

0'Eihyl  mropropionate,  CH,(NOj).CH2.CO/CjjH5),  is  ob- 
tained by  the  action  of  silver  nitrite  on  the  ethyl  ether  of  irxlpro- 
pionic  acid.  It  is  a  mobUe  ethereal-sineUing  liquid,  boiling  at 
lOr— 165^ 

0-Amid4)propionic  Acid,  CH^NH2).CH2.C02H,  is  formed  by 
the  action  of  ammonia  on  i^dpropionic  acid.^  It  is  easily 
soluble  in  water,  less  soluble  in  alcohol,  crystallizes  in  prisms, 
and  has  a  sweet  taste.  On  beating  it  melts  and  decomposes 
into  acrylic  acid  and  ammonia. 

fi '  La£tofiUril,  CH^(0H).CH2,CN,  is  obtained  by  heating 
etliylene  oxide  with  hydrocyanic  acid  under  pressure.  It  is  a 
colourless  liquid  having  a  fiunt  sweet  smell,  and  at  0**  lias  a 
specific  gravity  of  1*0588.  It  boils  at  about  220'',  and  is  miscible 
with  water. 
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563  Pgraracemic,  or  Pyntvic  Acid,  CH3.CO.CO2H,  This  com- 
pound, which  stands  in  the  same  relation  to  lactic  acid  as  acetone 
does  to  isopropyl  alc<ihoI,  is  produced  along  with  many  other  pro- 
ducts in  the  diy  distillation  of  tartaric  acid,  C^H.^O^^,  and  of  crcam 
of  tartar  (acid  potassium  tartrate).  Raymond  Lully  described 
the  distillatinn  of  the  latter  compound,  but  the  acid  product  waa 
not  examined  until  the  16th  century,  when  it  was  described  aa 
gpiriLus  tartaric  Paracelsus,  in  his  tmci*  De  Naturalibtts  Sehus, 
recommends  it  as  a  medicine.  Various  chemists  then  examined 
the  substance,  amongst  others  Guyton  de  Morv^eau,  who  dis- 
tinguishing it  as  a  peculiar  acid  gave  to  it  the  name  of  acid 
(artarcux  evtpyrrtimatique,  which  name  was  afterwards  changed  to 
the  antiphh^gistic  designation  of  iwide  jn/rotartanux.  Four^roy 
and  VaUiiuclin  in  1800  stated  that  this  acid  was  merely  impure 
ftcetic  acid.  This  conclusion  was,  however,  contradicted  by 
V.  Rose  in  1807,  who  showed  that  the  product  of  distillation 
contained  a  peculiar  acid.  At  the  same  time  he  remarked  that  a 
second  distinct  acid  seems  to  be  formed  under  tlie  same  circum- 
stances.    This  latter  was  prepared  and  investigated  by  Berzclius. 

*  lirwkAwiUc:h,  .foKm.  PraH,  Chcm.  [2],  xx*  169. 

'  HciittJ^  Ann,  Chcm,  Fhann,  clvi.  86  j  Mulder,  Bcr^  I/etitsch*  C/icin,  Gti*  ix. 
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As,  however,  this  is  forraed  not  only  in  the  distillation  of  tac^* 
taric  acid,  but  also  in  that  of  its  isomeride  racemic  add,  h^ 
termed  it  pymvic  acid,  to  distinguish  it  from  pyrotartaric  acid. 
It  is  also  formed  by  the  distillation  of  glyceric  acid,* 

CH2(OH).CH(OH).C02H  =  CH3.C0.C0,H  +  H^O.         4 

Pyru\'ic  acid  has  been  prepared  synthetically  by  acting  with 
hydrochlnric  acid  on  acetyl  cyanide,  CH3CO.CN,  and  by  this 
reaction,  its  constitution,  wliich  was  fonnerly  donbtful,  has  been 
ascertained,^ 

For  its  preparation  a  considerable  quantity  of  tartaric  acid  isl 
heated  in  a  large  iron  pan  and  the  mass  constantly  stirretl  until 
it  begins  to  swell  np  and  turn  brown.    It  is  then  allowed  quicklyl 
to  cool  and  the  solid  mass  broken  up  into  small  pieces  which  are] 
subjected  to  dry  distillation  in  a  retort.*     Tht>  pyroracemic  acid 
is  separated  from  the  pyrotartaric  and  acetic  acids  also  contained 
in  the  distillate,  by  fractional  distillation.     This  process  must, 
however,  not  be  repeated  too  often,  as  the  acid  undergoes  partial 
decomposition. 

Pyru%4c  acid  is  a  liquid  baring  a  pungent  smell  resembling  that 
of  both  acetic  acid  and  of  extract  of  meat.  It  boils  at  about , 
1C5''  and  at  IS*"  has  a  specific  gravity  of  1*288.  On  standing,  : 
gradually  passes  into  a  syrup-like  mass,  and  this  change  take 
place  quickly  on  heating.  The  acid  is  also  separated  in  this:| 
form  from  its  salts  by  means  of  acid.  This  form  is  not  volatile  anill 
is  probably  a  polymeric  modification.  Pyroracemic  acid  combines 
with  nascent  hydrogen  to  fonn  lactic  acid,^  and  with  bromine  in 
the  cold  to  form  dibromlactic  acid,®  On  wanning,  however,  it 
forma  substitution-prcxhicts.'  Baryta- water  prmluces  in  its 
aqueous  solutions  a  precipitate,  and  when  carbon  dioxide  is 
passed  through  tins  liquid,  the  barium  salt  of  the  dibasic  and 
hmlrurk  acid^  C^H^^O^,  is  fonned  in  solution.  This  is  formed^ 
by  the  union  of  two  molecules  of  pyroracemic  acid  with  waten" 
On  boiling  with  bar^i^-water  on  the  other  hand,  other  acids  are 
fonned  which  will  be  described  later  on. 


:)Ut 
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*  Poffg.  Ann.  xxxvi.  1. 

*  Moideiihaiier,  Jun.  Ckem,  Pharm,  cxxxL  83S. 
»  ClaiBcti  and  ShadwelJ,  Ikr,  DtuUtch,  Chefn,  Gcs,  li.  1563. 

*  Bdttinger,  Ann.  Chrm.  Phnrm.  clxjdi.  210. 

*  Wislic«^mi8,  ib.  cxxvi.  227  ;  Debtjs,  ib,  cxxvii.  332,  

*  WicbelliauB,  B*t.  Dciit^k,  Cfn^m.  Ges.  L  264  ;  Wi>licoTni8»  Ann,  Chem.  Pharm, 
cxlviii.  218  ;  Clennont,  BitJL  Soc,  Chim.  xix.  103  ;  Itodnviff,  Jahrtab,  1879i  609  ; 
Grimaui,  Bull  ,Sqc,  Chim.  xxi.    393;  Klimeiiko,   Journ.  Uuu,  Chci 
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The  salts  which  are  termed  pyruvaka  or  j»yrt>rac«mato,  crystal* 
lize  only  when  they  are  prepared  in  tlie  cold.  When  their 
solutions  are  heated  they  pass  into  gum-like  masses.  These  have 
been  chiefly  investigated  by  Berzelius,  and  the  following  are  the 
most  characteristic.  Sodium  Pyrutate,  CjjH^O^Na,  crystallizes 
in  elastic  prisms  ur  tables,  and  is  almost  insoluble  in  alcohoL 
Calcium  Pyruvate,  separates  out  in  crystals  on  evaporating  its 
solution  in  the  cold*  If  warmed  even  by  the  hand  a  gum-like 
ma^  is  produced. 

Copper  Pyruvate,  {C^Kfi^)J^n  -f  H^O*  Copper  carbonate 
dissolves  in  the  aqueous  acid  forming  a  green  hquid,  and  when 
the  solution  becomes  saturated,  the  salt  separates  out  as  a  sea- 
green  powder.  If  a  crystal  of  copper  sulpliate  be  brought  into 
a  solution  of  the  sodium  salt,  it  becomes  covered  with  a  whiie 
powder,  which  when  dried  over  sulphuric  acid  becomes  light-blue 
and  has  the  same  composition  as  the  green  salt. 

Silrcr  Pyruvate,  C^H^O-jAg,  is  difficultly  soluble  in  cold  water, 

but  can  be  crystallized  however  from  boiling  solution.     If  the 

solution  be  allowed  to  cool  in  the  dark,  large  ghstening  milk- 

rUite  scales  are  deposited  which  soon  become  brown  on  e^tposure 

light  If  ammonium  pyruvate  solution  be  precipitated  with 
alvex  nitrate,  the  silver  salt  separates  out  as  a  thick  jelly; 
SOO  grams  of  the  sfilt  dissolved  in  ten  liters  of  water  yield  In 
this  way  such  a  stiff  paste  that  a  gUidS  rod  stands  upright  in  it.^ 

/rott  Pyruvate,  If  a  crystal  of  green  vitriol  be  brought 
into  a  solution  of  the  sodium  salt  the  lit^uid  becomes  at  once 

rk  red,  and  if  the  air  be  excluded,  tlie  ftirrous  salt  sepa- 
rates out  after  some  time  in  dark  red  crystals  which  dissolve 
with  difBculty  in  water,  yielding  a  yellow  solution.  If  iron  be 
dissolved  in  the  warm  dilute  acid  tlie  solution  soun  becomes  of  a 
dark  red  colour  and  at  last  opaque.  This  liquid  dries  on 
evaporation  to  an  almost  black  mass  which  is  soluble  in  water. 

The  ferric  salt  obtained  by  dissolving  ferric  hydroxide  in  the 
aciil  is  also  a  red  soluble  mass.  Alkalis  do  uot  precipitate  its 
solution. 

Methyl  Pyruvate,  C3H30^(CH3),  is  formed  by  the  action  of 
methyl  iodide  on  the  silver  salt.  It  is  a  liquid,  smelling  like 
acetone,  boiling  at  134** — 137",  and  having  at  0°a  specific  gravity 
of  1*154  (Oppenbeim).  The  ethyl  ether  is  formed  by  the  action 
of  sulphuric  acid  on  an  alcoholic  solution  of  the  acid.    It  is 


^  Oppi!uli«lBi«  Btr.  DciUnck,  Chem,  (hi*  v. 
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a  liquid  poaaeasiug  a  peculiar  smell,  partially  decomposes  on 
distillation^  and  is  whoUy  decomposed  by  water,^ 

As  a  ketonic  acid  pyroracemic  acid  combines  with  the  acid 
sulphites  of  the  alkali-metals  fonning  crystallizable  compaunds.* 
Of  these  the  sodium  compounds  may  be  mentioned. 

0311403  + NaHSOjj  is  formed  when  pyroracemic  acid  and  acid 
sodium  suli>hite  are  brought  together.  The  solution  decomposes 
on  boiling  with  evolution  of  sulphur  dioxide. 

CjjHjjONa-J-NaHSO^H-H^O  13  formed  when  the  normal  sul- 
phite is  used.     On  heating  it  inturaesces  to  a  sponge-like  miiss. 

a-Dichloqjroinonic  Acid,  CH^.CClj.CO.H,  Thu  chloride  of 
this  acid  is  formed  by  the  action  of  phosphorus  pentachloride,* 
or  tricLloride,*  on  pyroracemic  acid.  It  is  a  pungent  smelling 
liquid  which  boils  between  105** — 115^  and  is  quickly  decom- 
|K>sed  by  water  with  formation  of  ihehlorr>ropionic  acid.  This 
latter  substance  is  best  obtained  from  i\^  nitril,  wliich  is  formed 
by  chlorinating  propiomtriL  This  boils  from  103' — ^l07^  and  ia 
a  liquid  which  when  boiled  with  sulphuric  acid  diluted  with  an 
equal  volume  of  water  is  converted  into  the  acid*  Tliis  is  a  liquid 
which  is  soluble  in  w-ater  and  which  boils  at  ISa"" — 100^  and 
forms  crystals  at  0'.  Heated  with  water  to  120'— IjO'  it  h 
converted  into  pyroracemic  acid.^ 

a'Dihrompropionic  Acid,  CHgCBr^COoH,  is  formed  by  heating 
propionic  acid  with  bromine  to  IDO'' — 220^  It  cr}'^tallizes  in 
quadratic  tables  melting  at  71**,  and  boils  with  slight  decompo- 
sition at  22  r.     Its  salts  are  tc^Ierably  stable.'* 


MALONYL   COMPOUNDS. 

564  Malonic  Acid,  CHj(C0gH)2,  was  first  obtained  by  Des- 
saignesby  oxidizing  malic  acidrc6,H.CH(0H}:CH^.C0^H,  with 

potassium  dichromate.^   Baeyer  tlien  obtained  it  frt>m  uric  acid.^ 
and  it  was  synthetically  prepared  simultaneously  by  Kolbe  and 

*  Bottinger,  Bcr.  DmtAr-h,  Ch^m,  Get,  xiv.  816. 
»  Journ,  I*rakL  Chttti,  [2],  xvii.  241, 

*  Klimenko,  BtTr  Lkutucfi,  Chrtft,  Ga.  iii.  465, 

*  BeckurU  and  Otks  ih,  xi.  886. 

*  BeckurUiind  Otto,  ih.  ix.  1876;  x-  268,  150$,  1052:  xL  886. 

*  Frie<Ieland  Machaca,  ArK%.  Chmt,  Pharm.  Supjil.  iL  72;  PhiHipi  and  Tolena, 
ib,  clixL  815. 

'  0>mpf^4  Umdiis,  xlvii  76  ;  Ann,  Ch$m,  Pharm,  crU,  251. 
^  lb.  cxauL  143. 


MALONIC  ACID. 


f5S7 


JEL  MuUtir.^     TLey  obtained  it  by  heating  its  nitril,  cyanacetic 
id  (a  body  which  will  be  described  further  on),  with  potash. 
tnethod  of  preparation  was  elaburated  by  various  chemists.* 
-According  to  Conrad  the  best  mode  of  preparation  U  the  follow- 
ing:— lOQ  grams  of  monochloracetic  acid  dissolved  in  200  cc.  of 
"water  are  neutralized  with  pure  carbonate  of  potash  or  3<:>da,  and 
"to  this  80  grams  of  finely  powdered  and  pure  potrtssium  cyanide 
axe  added,  ami  the  whole  warmed,  A  violent  reaction  soon  occurs, 
some  hydrocyanic  acid  being  evolved.     In   order,  however,  to 
complete  the  decomposition  of  the  salt,  heat  must  be  employed 
for  two  hours  on  a  water-bath,  the  water  evaporating   being 
replaced,  and  then  100  grams  of  caustic  potash  added,  when  an 
immediate   evokitiun   of   ammonia   takes    place.       It   is   then 
further  heated,  imtil   the  smell  of  this  gas  ceases,  the  whole 
neutralized  with  hydrochloric  acid  and  calcium  chloride  added, 
which   yields   a   voluminous  precipitate,  whicli    soon    becomes 
crystalline.       This    is    then   washed    with    boiling    water    and 
decomposed  witli  tlie  calculated  quantity  of  oxalic  acid.     The 
filtrate    is   then    evaporated,  and    the    residue   extracted    with 
ether.* 

Malonic  acid  Ls  also  formed  by  oxidizing  propylene,  C^Hfl, 
allylene,  C^H^,  and  amylene,  C^Hj^,  with  potassium  perman- 
gimate.* 

It  is  easily  soluble  in  water  and  alcohol,  and  crystallizes  in 
triclinic  tables  or  laminae.  It  melts  at  132°,  and  decomposes  at 
a  higher  temperature  into  carbon  dioxide  and  iicetic  acid.  Its 
salts  liave  been  carefully  examined  by  Finkelstein. 

Pota^nm  Malonate,  G^ll/)Js.^,  is  deliquescent  Tlie  acid 
salt,  SCjHjO^HK  +  H^O,  crystallizes  in  large  prisms  which  do 
not  undergo  alterations  in  the  air.  Acid  Sodium  MaioTtate^ 
SCjH^O^NaH-f  HjO,  is  deposited  in  large  transparent  crystals^ 
Calcium  MaUmate,  2C3H.,O^Ca  +  7H.O,  is  very  difficultly  soluble 
in  water,  and  crystiiUizes  in  small  transparent  needles,  JJarivm 
Malonate^  C^H.^O^Ba  +  H.^O,  forms  a  silky  radiating  crystalline 
I  is  also  difficultly  soluble  in  water,  but  <lissolve3 
acetic  acid.  The  other  raalonates  are  must  of  them 
soluble  in  water. 


slightly  j 


^  An%,  Chem,  Fharm.  exxxL  Si3  imd  3.'50  ;  Joutn.  Chtm,  Soc.  [2],  iL  79. 

*  Finkelstfin,  Jntu  Chmi,  Pharm.  cxxxiii.  83S  ;  Hrintzel,  ib.  cxxxix.  129; 
H.  vnn.  MilJit-r,  Juum.  Prai'L  Chcm,  rix.  326  ;  Urimaujc  tind  TficUemiak,  BulL 
Soc,  Chim.  xiati.  a.'iS. 

*  Jttn^  Ctt^m,  Fhnttn.  cciv,  125, 

*  CtmpU  Jieiui,  Ixiv.  3e. 


Ethijl  MaloTiak,  C^B^^{C^^^  is  best  obtained  by  pouring*: 
eight  parts  of  absolute  alcohol  on  to  three  parts  of  the  well- 
dried  calcium  salt,  the  whole  being  saturated  T^ith  hydrochloric 
acid,  aud  after  standing  for  some  time  heated  on  the  water-bslh 
and  hydrocljloric  acid  gas  again  led  into  it.  The  alcohol  is  then 
allowed  to  evaporate,  the  residue  neutralized  with  carbonate  of 
soda  and  the  ether  separated  by  addition  of  w^ater,  dried,  and 
purified  by  fractional  distillation  (Conrad). 

It  is  a  faintly  aromatic-smelling  liquid  having  a  bitter  taste, 
boiling  at  195''  and  having  at  18""  a  specific  gravity  of  1  068. 

Sodium  Ethifl  Malonale,  CWS^{GO^Cfi^^,  is  obtained  by  the 
action  of  an  alcoholic  solution  of  sodium  ethylate  on  the 
foregoing  compound : 

CHj(CO,.C2H^2  +  NaO.CgHj  =  CKNa(C02.C2H,)2  +  HO.C,H^. 

It  crystallizes  in  white  glistening  needles.^ 

It  has  already  been  stated  that  the  sodium  compound  is  used 
for  the  synthesis  of  the  homologues  of  malonic  acid,  and  for  that 
of  tlie  higher  fatty  acids  (Part  I.  page  180). 

If  ethyl  carbonate  be  allowed  to  act  upon  this  body  ethyl 
meikenyl  trimrbonatc,  CH(C0a.CgHj)3  is  formed-  This  is  a 
pleasantly  smelling  liquid  boiling  at  about  260^  It  is  decom- 
posed by  caustic  potash  into  potassium  malonate,  jiuttssliini 
carbonate,  and  alcohol.* 

Etht/l  Ckionfialomtk,  CHCl(C0g.C2H^)^,  is  formed  by  the 
action  of  chlorine  upon  ethyl  malonate.  It  is  a  liquid  boiling 
at  22r— 222^* 

565  Cyanacdk  Acid^  C0^>H.CH2.CN,  is  the  nitril  of  malonic 
acid  and,  as  has  been  stated,  was  obtained  simultaneously  by  Kolbe 
and  Hugo  Jliiller,  and  then  examined  by  many  other  chemists.* 
In  order  to  prepare  it,  the  operation  is  conducted  in  the  first  place 
as  in  the  preparation  of  malonic  acid,  by  acting  upon  the  potassium 
salt  of  chloracetic  acid  with  potassium  cyanide.  The  solution  is 
then  evaporated,  the  residue  acidified  with  sulphuric  acid  and 
shaken  with  ether.  It  forms  yellow  crystals,  easily  soluble  in 
water  and  alcohol,  melting  at  oo"  and  decomjiosing  into  carbon 
dioxide  and  acetonitril  when  more  strongly  heated.  If  the 
potassium  salt  of  the  acid  be  electrolyzed  it  decomposes  into 

*  Conrad,  Ann.  Chem.  Fharnu  ccif,  159. 
'  Conrad,  JStfA  rfeu/ach,  Chem.  {?«#.  xii.  1235. 
>  Coorad  and  Bischoff,  ih.  xiiL  600. 

*  Mi-eves,  Amu  Chcm,  Pfmnn,  cxliiL  201 ;  vnn't  IIolT,  Bet.  DeuUch,  ChaiK 
Ou,  vu.  1382. 
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liydrogen,  carbon  dioxide,  and  ethylene  dicyanide  (succinonitril), 

Eth^l  Cyanacetate,  C02(C^H|^)CH2.CN,  is  obtained  by  warming 
potaflElttm  cyanide  with  an  alcoholic  solution  of  ethyl  chloracetate 
or  by  passing  hydrochloric  acid  into  an  alcoholic  sohition  of 
cyanacetic  acid.  It  15  a  heavy,  almost  odourless  liquid  boiling 
at  20r. 

Cyajiacdijl  Bromide,  CN.CH^.COBr.  This  compound  is 
obtained  by  acting  with  silver  cyanide  on  a  solution  of  broma- 
cetyl  bromide  in  cliloroforni,  the  isomeride,  hromacchjl  cyanide^ 
CH^r.CO.CN,  being  at  the  aamc  time  produced.  This  can  be 
separated  from  the  former,  compound,  by  shaking  with  ether  in 
which  it  dissolves. 

■  Bromacetyl  cyanido  crystallizes  in  monoclinic  tables,  melting 
at  7T — 70"'  and  is  decomposed  by  water  into  hydrocyanic  acid 
and  bromacetie  acid  Cyanacetyl  bromide,  on  the  other  hand, 
crystallizes  in  long  needles,  and  is  decomposed  by  water  and 
more  quickly  by  alkalis  with  formation  of  malonic  acid  :  ^ 

(CN,CH2.C0Br  +  3ttp  =  CO3H.Cn2.CO3H  +  XH.Br. 
die 


XHhram-malanic  And,  CBr^(C0.jH)2.  If  bromine  is  added  to 
aqueous  solution  of  malonic  acid,  decomposition  takes  place, 
'md  when  it  is  used  in  excess,  tribromacetic  acid  and  carbon 
dioxide  are  formetl.  If,  however,  a  solution  in  chloroform  he 
employed,  dibromnialonic  acid  is  formed,  crystallizing  in  deli- 
quescent needles,  and  melting  at  126° — 128*, 

yUrmomalonic  AvuL  C3H3(NO)04,  was  first  obtained  by 
Baeyer  by  decomposition  of  the  corresponding  urea,  violuric 
Acid  (for  which  see  uric  acid),  with  potash.  It  forms  glistening 
ueeiUes  easily  soluble  in  water,  which  melt  on  heating,  and 
then  explode  with  a  loud  noise.  When  boiled  with  water,  it 
decomposes  as  tbllows ; 

CH(N0)(C0,H)2  =  CHN  +  H,0  +  2C0,. 

Amidomalonic  Acid,  C^^,^(^^^0^ ;  is  formed  when  the  fore- 
going compound  is  brought  into  contekct  with  sodium  amalgam 
water.  It  is  easily  soluble  in  water  and  crystallizes  in  large 
ning  prisms.  When  it  is  heated,  or  its  aqueous  solution 
boiJeil,  it  decomposes  completely  into  carbon  dioxide  and 
amido-acetic  acid. 

*  Moore,  /7tfr,  Dnd^ch.  Ch^?m,  Gts,  iv.  519. 
'  HubueT,  Ann,  Ckcm,  P/iana.  cxxix,,  124. 
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Oxyvialwiic  Acid,  CjHjj(OH)0^  was  prepared  by  Dessaignes 

by  tlie  spontanenug  ilecoiii position  of  the  so  called  iiitrt>-tartdric 
acid,  and  known  us  tartronic  acid,*  It  is  also  formed  by  tbo 
reduction  of  mesoxalic  acid*  and  by  acting  with  potash  im 
ethyl  cblonnalonate :  ^ 

CHC1{C0,,C2H,)2  -f  3K0H  =  CHCOHXCO^K),  4  KCl  4- 

It  can  be  obtained  synthetically  by  bringing  together  glyoxalic 
acid  and  potassium  cyanide  and  boiling  the  product  with  barj-ta 
water,*  It  is  easily  soluble  in  water,  crystallizes  in  large  trans- 
parent prisms,  and  is  decomposed  at  182^  into  carbon  dioxide 
and  glycolide : 

566  Me^oxulic  Acid,  C0(C05H)^,  was  first  obtained  by  liebig 
and  Wohler  as  a  product  of  decomposition  of  mesoxiUyl  uroa 
(alloxan),  a  body  obtained  by  oxidizing  uric  acid  with  nitric  acid** 
It  is  also  formed  by  the  fiction  of  iodine  on  aniidomalonic  acid.* 

CH(NH2)(C02H)2  +  I,  +  HP  =  CO(CO,H),  +  NHJ  4-  HI. 

It  is  also  formed  by  the  action  of  silver  oxide  on  dibrom- 
pyroracemic  acid/ 

In  order  to  prepare  it,  a  warm  aqueous  solution  of  nlloxjin  is 
treated  mtb  baryta  water,  not  in  excess,  when  barium  aJloxanate 
separates  out : 

/CO.NH.CO.NH, 


XO.NH. 

co;         ;co 

TO.NH^ 


H-    H.O    =    CO: 


\r 


'CO.OH. 

The  salt  thus  obtained  is  boiled  with  200  parts  of  water  for 
five  to  ten  minutes,  and  the  solution  allowed  to  cooL  Barium 
mesoxalute  crystallizes  out  whilst  urea  remains  in  solution :  ® 

.CO.OH 


CO 


/CO.NH.CO,NH^ 


\ 


caoH 


up 


COs^  +  NH.,C0.NIL. 

XO.OH 


The  acid  is  then  liberated  from  the  barium  salt  by  sulphuric 

acid.      It    forms    deliquescent    orysUUs,  having    the  formula 

1  Ann,  Chern.  Fhartn.  IjncJciL  S62  ;  Ixxxix.  $M, 

=»  Deu'li!*©!,  Jaum.  PrakL  Vhfm.  jtciii  205. 

»  CoiiiftiJ  und  Bischoff,  Ber,  IkuUch,  Chem.  Oes.  xiii.  600. 

*  BOttmgf^r^  ib  xiv.  J29*  *  Ann.  Chan.  Pknrm.  xxri  2i»S. 

*  Ikeyer,  ib.  cxxxi.  298,  '  Deichw^l,  Joum,  PtaM.  Chem,  xciiL  103* 

*  "WisUceims,  ib. 
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^0^+HjjO,  wliich  melt  at  11 5"*  without  losing  water.    From 

^^^^  as  well  OB  from  the  ftict  that  its  salts  retain  water  with 

gi"^^iit  force,  it  appears  very  probable  that  the  acitl  has  a  compo- 

8it.ion  analogous  to  that  of  glyoxahc  acid  (p.  103),  according  to 

^^ich  it3  formula  would  be  C(OH),(C02H)2.     If  the  aqueous 

**A\ition  be  heated  above  70",  dectiuiposition  takes  place  with 

^^olution  of  carbon  dioxide ;  and  when  boiled  with  silver  oxide* 

the  following  reaction  takes  place  : 

CO,H.CO.CO,H  H-  Agp  =  COaH.COaH  +  CO^  +  Ag 

Ammonium  Me^cxcUate,  Cfi^(S^^)^,  separates  out  in  grains 
when  ammonia  is  added  to  an  aqueous  solution  of  the  acid.  It 
ia  anhydrous  and  perhaps  is  the  ammonium  salt  of  the  yet 
unknown  mcsoxamic  acid,  CO(NH2)C(UH);,C02H. 

Barium  Mrsoxalate,  2C^O^Ba+3H20,  forms  micro&copic  prisms 
which  are  scarcely  soluble  in  cold,  and  only  slightly  soluble  in 
hot  water.  It  does  not  lose  water  till  170'  when  it  partially 
decomposes. 

Lead  Mcsaxalate,  C/)^(VhOl\)^,  is  a  white,  light  insoluble 
powder.     The  normal  salt  does  not  appear  to  exist. 

SilTcr  McsoxataU^  CjO^Agj-f  If^O,  is  a  white  amorphous  pre- 
cipitate, which  soon  changes  to  tufts  of  yellowish  needles,  and  is 
decomposed  on  exposure  to  light. 

Ethyl  Memxalatc,  0^11^^0.35)^+ HjjO»  is  formed  by  heating  the 
silver  salt  wuth  an  alcuhulic  solution  of  ethyl  iodide.  It  is  a 
heavy  yellow  oil  which  decomposes  on  heating.  It  is  very  soluble 
m  water  and  is  soon  decomposed  into  alcohol  and  mesoxaUc 
acid.  The  presence  of  water  in  this  etlier  is  a  strong  argu- 
ment for  the  formula  which  has  already  been  given  for  the 
acid  According  to  this  the  ether  has  the  constitution 
CC0H),,(C0,0C2H^,. 
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567  In  1815  Taylor  noticed  that  when  fats  or  oils  are  strongly 
heated,  a  gns  of  high  illuminating  power  is  obtained.  This 
observation  led  to  the  development  of  a  new  branch  of  industry, 
for  this  oil-gas  was  pumped  into  strong  copper  vessels  under  a 
pressure  of  about  30  atmospheres,  and  these  were  carried  to 
the  houses  of  the  consumers,  where  the  gas,  known  as  portable 
gas,  was  burnt  as  an  illuminating  agent. 

During  tlie  process  of  manufacturing  this  portable  gas  a 
liquid  w^as  obtained,  which  was  investigated  in  1825  by  Faraday, 
who  discovered  in  it  two  hydrocarbons*  To  one  of  these,  now 
known  as  benzene,  he  gave  tlie  name  of  Bkurburct  of  Hydrogen^ 
and  the  other  he  termed  "  a  new  hydrocarbon,"  without  giving 
it  any  special  name.  He  observed  tiiat  the  second  one  waa 
gaseous  at  the  ordinary  temperature,  and  on  burning  it  he 
found  that  one  volume  of  this  gas  requires  six  volumes  of 
oxygen,  yielding  four  volumes  of  carbon  dioxide.  Accordingly 
Faraday  concluded  that  the  **new  hydrocarbon  '*  liaa  the  Bame 
composition  as  olefiant  gas,  but  he  noticed  that  it  has  a  specific 
gravity  between  27  and  28  (H=l),  or  double  that  of  olefiani 
gas.  Like  this  latter  compound  the  new  hydrocarbon  combines 
with  an  equal  volume  of  chlorine  to  form  an  oily  liquid,  but  the 
oil  thus  obtained  contains  twice  the  quantity  of  carbon  and 
hydrogen  to  the  same  quantity  of  chloriue  as  Dutch  Uquid,^ 
To  this  hydrricarbon,  C^Hg,  Berzelius  gave  the  name  of  ditetryL 
Kolbe^  by  the  electrolysis  of  potassium  valerate  afterwards 
obtained  a  compound  of  similar  constitution  together  with  valyl 
(di-isobutyl,  Part  I.  p.  654),  and  Wurtz  *  found  a  similar  com- 
pound amongst  the  products  of  decomposition  of  arayl  alcohol 
at  a  red-heat.  Soon  after  this,  Berthelot^  observed  that  tliis 
hydrocarbon,  which  was  also  termed  teiryknc^  JnUyrenc,  and 


1  FhU,  Tram.  1825,  p.  440. 
•  lb,  ci?.  240. 


*  ift.  cvui.  200. 
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J>\iiylene,  is  formed  when  sodium  acetate  or  caleium  oleate  is 
leated  with  soda  lime,  and  that  it  also  occurs  as  a  product  of 
decomposition  of  other  organic  bodies  at  high  temperatures. 
According  to  Hahn  ^  hutylene  is  also  found,  together  with  its 
homologues,  amongst  the  products  which  are  ohtained  by  dissolv- 
ing cast-iron  in  acids,  a  fact  which  has  been  subsequently 
confirmed  by  Cloez.^ 

At  first  it  was  believed  that  the  butylenes  obtained  by  these 
various  processes  were  identical,  but  other  investigations  have 
shown  that  three  isomeric  modifications  exist,  viz. — 


(1)  e-Butj-lone,  or  Etlijletliylei 

CHj,CH^.CH  =  CH^ 

(2)  i3-I3tttylenp,  or  SymmL»trical  Dimetliylutliylene. 

CHjCH.  — »  CII.CHj, 

(3)  IftobutyloTiG^  or  TTwsymmetrical  Dimethylethylou 

^^3\r!  —  nn 


I  568  a-Buhjlc7u,  or  Hlhjl  Ethyhnt,  CHg.CH^CH  "  CHj.  This 
body  was  first  obtained  by  Wurtz  by  heating  bromethylene  (vinyl 
bromide),  CjHgBr,  with  ziiac^Hhide,  and  described- as  vinyl- 
iihyl?  It  is  also  obtained  together  with  ethyl-butyl  ether  when 
primary  butyl  iodide  is  heated  with  alcoholic  potasJi,*  It 
is  a  gas  at  the  ordinary  temperature,  but  it  can  be  condensed  by 
cold  to  a  liquid  boiUng  at  5**, 

a-Buiykm  Bromide,  CH3.CHo.CHBr.CHjBr,  is  a  colourless 
liquid  boihng  at  16G^  and  having  a  specific  gravity  of  1'8053, 

a-Buiylene  G/^f*o/,CH,,CH2.CH(OH).CHj(OH),is  obtained  by 
treating  the  bromide  with  silver  acetate  and  glacial  acetic  acid 
and  decomposing  the  product  with  caustic  baryta.  It  is  a  thick 
liquid  soluble  in  water,  boiling  at  191° — 102^  and  having  at  0" 
a  specific  gravity  of  1'0189  (Saytzew  and  Grabowsky). 

Ethyl  cblorether,  Cttj,CH,.CH(0CgH^)CH2Cl  and  bietbyl 
ether,  CH3,CHj.CH(OaH,)CH2(OC2H,),  already  described,  are 
alfio  a-butylene  corapounJs. 

0'Buiyhne,  or  Symmetrical  Dimethyl  Mhylcne,  CH3.CH  — 
is  obtained  by  heating  secondary  butyl   loilide  with 


*  Ann,  Ch^m,  PMftn.  cxidx.  67.  '  Cifmpt,  Etnd,  hocTtiL  156r* 
'  Ann.  Chnti   Pharm.  cliL  21. 

*  licbeo  ftud  Bo«»i,  ib,  cItuL  104  j  Crabowsky  and  Saytzew,  td*  clxxix.  8S0. 
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alcoholic  potash.*  It  is  also  fonnecl  when  a  mixture  of  methyl 
iodide  and  all)l  iodide,  CHg  —  CH  -  CH^T,  is  heated  with 
sodium.^  In  this  case  the  formation  of  a-butylene  might  be 
expected,  and  a  small  quantity  of  this  substance  is  formed,  as 
well  as  some  isobutylene,^  but  the  chief  product  is  the  ;3«com- 
pound,  and  hence  a  molecular  interchange  has  taken  place.  Its 
formation  from  isobutjl  alcohol  is  still  more  remarkable.  For 
this  purpose  this  liquid  is  allowed  to  drop  on  to  heated  zin 
chloride,  and  the  gases  evolved  are  passed  through  sulphuric 
acid  diluted  with  one-half  its  volume  of  water,  tlje  isobutylene 
which  is  formed  at  the  same  time  being  absorbed.  The  unab- 
sorbed  gases  are  passed  into  bromine,  and  from  the  product 
j8-butylene  bromide  is  obtained  by  fractional  distillation.  If 
this  body  be  treated  with  sodium  the  pure  hydrocarbon  is 
obtained,  boiling  at  +  l"*  and  having  a  specific  gravity  at  —13*  5 
of  0  '635.  It  solidifies  in  a  vacuum  over  a  mixture  of  ether  and 
solid  carbonic  acid  to  a  crystalline  mass. 

^-Buiyknc  Bromide,  CHj.CHBr.CHBr.CHj,  is  a  liquid  boiling 
at  158**  and  having  a  specific  gravity  at  0""  of  1*821.  When 
heated  with  20  times  its  volume  of  water  together  with  lead 
oxide  to  140" — 150**  it  is  converted  into  methyl-etbyl  ketone 
(Elt^kow). 

yS-Butylene  glycol  has  not  yet  been  prepared.  Another  glycol 
standing  between  it  and  the  a-compound  has  however  been 
obtained,  to  which  there  is  no  corresponding  olefine. 

^-Biitylau  Glycol,  Cn^.Cll{On)Cn^£B.^{0\\l  is  formed  in 
small  quantity,  together  with  ethyl  alcohol,  when  an  aqueous 
solution  of  acetaldehydc  is  treated  with  sodium  amalgam  and 
the  liquid  kept  slightly  acid  by  addition  of  hydrochloric  acid.* 
In  this  case  /3-oxybutyraldehyde,  a  body  afterwards  to  be 
described,  is  first  formed,  and  this  combines  with  nascent 
hydrogen  to  form  the  glycol.^  It  is  a  thick  liquid  having  a 
sweet  taste,  and  is  not  soluble  in  water  but  dissolves  in  ether. 
It  boils  at  203''5— 201° 

569  Isobutylene,  or  Uimfmmdriml  Bimdhyl  Ethylau,  (CK^^ 
C:z:CH2,  was  first  obtained  by  Eolbe  by  electrolysis  of  calcium 
valerate.  It  is  also  found,  probably  together  with  isomerides,  in 
the  products  of  decomposition  of  arayl  alcohol  by  heat,*    It  is 

'  De  Ltiyn«i,  Ann^  Cft^m,  Fhamu  cxzix.  200 ;  ocxxil  275;  Liebea,  1^.  oL  10ft 

*  Wmto,  Of.  ciliT.  235, 

•  GroshfintA  Bull  Soe,  Chi'm,  xxit.  201 ;  Le  Bel  und  Grtfene,  *&.  anrix.  Z0€. 

*  Kt'kule,  Afifi,  Ctitm.  Phann.  clxii.  31o.         *  WuiU,  BttU^  Soc,  CAim.  XX.  i, 

•  Batlerww,  Ann,  Utan,  FharnL  cjdv.  277. 
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Xikcwise  formed  easily  when  isobutyl  iodide  or  tertiaiy  butyl 
m<dide  is  heated  with  alcoholic  jjotaah.     The  simplest  method  of 
<3btaimDg  it  is  however  to  heat  together  a  mixture  of  10  parts  of 
isobutyl  alcohol,  10  parts  of  sulphuric  acid,  4  parts  of  potassium 
^ulphat^,  and  16   parts   of  calcium   sulphate,^     According   to 
J,  Lermontow  a  better  yield  is  obtained   by  adding  2   parts 
of  water,  and  using  powdered  glass  instead  of  calcium  sulphate.^ 
^onowalow  found  that  this  product  contains  about  one-third 
of   ;9-butj'lene    and   a  small  quantity   of  a  paraflSn   which   is 
yrobably  isobutane.^     Isobutyleue  is  a  gas  which   has  an  un- 
pleasant smell  like  coal  gas,  and  is  condensed  by  pressure  or 
cold  to  a  liquid  which  boils  at  — 0^*._ 

Isobu^ykne  CJiUride,  C^H^CU,  is  an  oily  liquid  having  a 
smell  resembliiig  that  of  ethylene  chloride  and  boiling  at  123'* 
(Kolbe). 

liohut^leru  Cfdorhpdririf  {CHj,)2CCl*CH2.0H,  is  obtained  by 
the  lanion  of  hypochlorous  acid  with  isobutylene.  It  is  an 
aromatic-smelling  liquid  boiling  at  137^  and  being  converted  by 
the  action  of  sodium  amalgam  and  water  into  isobutyl  alcohoh^ 
K  Isohuhfhn^  Bromide,  C^H^Br^,  boils  at  148*— 141*"  and  has  a 
"specific  gravity  at  14**  of  1708.  When  heated  with  It'ad  oxide 
and  15  to  20  times  its  volume  of  water  to  140"" — 150"  isobutyl 
aldehyde  is  formed,  t^^gether  with  a  small  quantity  of  isobuty- 
Itne  glycol.**  Alcoholic  potash  converts  the  bn.miide  into 
hrcmisaliutykne,  (CIlj)^C  ~  CHBr,  a  tody  boilin<j;  at  01°,  and 
elding  isobutyric  acid  on  heating  with  silver  oxide  and  water 
ttlerow). 

liflenc  Glycol,  (CH3\C(0H)CH,(OH),  is  a  liquid  re- 
Bembling  common  glycol,  obtained  by  beating  the  br^iuiide  with 
water  and  potassium  carbonate.  It  boils  at  170'— ITS'*  and 
had  at  0*  a  specific  gravity  of  1*02197 

Wurtz  obtained  a  butyl  glycol  from  butylenc  obtained  by  the 
decomposition  of  amyl  alcohol  at  a  reJ-heat.     It  boila  at  183° 
— 184V  and  is  probably  a  mixture. 
jrUro-isohutylem,  (Ck^)jOzzC}l(SO^,  is  formed  by  the  action 


Ptichot.  Compt.  Mend,  lixxr,  75 7« 
'  Ann,  Chcm,  Fharm,  cxcvi.  117. 
»  B^l,  Sot.  Chim,  [2],  ixxiv.  833. 

*  Butlerow,  Zeitsch,  Vkem,  1S70,  236. 

*  But le row,  Ann,  Chem,  Pkann.  cxliv,  26 

*  Klketaw,  Joum,  Hmn,  Cliein,  Gca,  x.  2U 
^  Nevole,  Btill  Soc,  Chim.  xxviL  CJJ. 
■  Ann.  Chhfu  Phji,  [3],  Iv.  400. 
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of  concentrated  nitric  acid  on  trimethyl  carbinol.  It  is  a 
yellowish  oil  which  boils  with  partial  decomposition  at  154* — 
158°,  and  has  a  very  pungent  smell  and  buniing  taste.  It  is 
almost  insoluble  in  water  but  dissolves  readily  in  aJkalia  With 
alcoholic  soil  a  it  yields  the  compound  CiH^NaNOji  a  yello^r 
powdur  wliich  on  heating  deflagrates,  and  decomposes  on 
standing,  changing  its  colour  to  brown*  If  nitro-isobutylene  lae 
heated  with  Avater  to  100**  it  decomposes  into  acetone  and  nitre- 
methane,  and  when  heated  with  hydrochloric  acid,  it  yields 
ammonia^  hydroxylamine,  carbon  dioxide  and  other  products 
which  have  not  yet  been  investigated.^ 


TRICHLORBUTIDENE  COMPOUNDS, 

570  Trkhlorhttidaie  Oxide,  TrichloTbutyTaldeJiyde^  or  Duttfl 
Chloral,  CH3.CnCl.CCl2.COH,  was  first  obtained  by  Kriimerand 
Pinner*  by  acting  with  chlorine  on  acetaldehyde,  and  described 
as  croton  Moral,  C^HjCljjO.  Its  correct  composition  was  then 
recognised  by  Pinner,^  who  also  explained  its  formation.  Two 
molecules  of  aldehyde  first  unite  together  with  separation  of 
water  and  formation  of  croton  aldehyde : 


CH, 

CH, 
=        J^       .    H,0. 
COH 

con 

T' 

COH 

Cldorcroton-aldehyde,  CH^.CH^CCLCOH,  is  then  formed, 
and  tliis  unites  with  one  molecule  of  chlorine.  The  compound 
is  best  obtained  by  passing  chlorine  into  paraldehyde,  which  is 
well  cooled  and  afterwards  heated  to  100"*  as  long  as  action  is 
observed.  More  alcohol  is  added  to  the  product,  and  this 
neutraUzed  with  calcium  carbonate,  when  the  whole  is  distilled 
and  the  corresponding  hydrate  oht^ned,  and  this  on  heating  in 
a  stream  of  hydrochloric  acid  yields  pure  butyl  chloral.  It  is  an 
oily  pungont*smelling  liquid,  boiling  at  IG-i"" — 163°,  and  having 
a  specific  gravity  of  L3056  at  20^ 

^  TTsutiniTPr,  Ann^  C%em,  Fharm.  exdii.  S(J8, 
^  B*^r,  D^-vJ^h,  Chrm,  Gfs,  in.  S86  aud  7S»0. 
•  Ann,  Vkcm*  Pfuirm,  dxxix,  21, 
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ETrkhUrlnUidm^  Glycol,  or  Butyl  ClUoral  Hydrate,  CIi,,CHCL 
C\CH(OH)j,  is  easily  obtainud  by  the  uoion  of  the  foregoing 
unpouiid  vni\i  water.  It  crystallizes  in  tablets  which  are 
ciiffieultly  soluble  in  hot  water.  It  fuses  at  78"*,  and  is  easily 
^b^olatile,  yielding  a  vaixmr  which  excites  a  flow  of  tears.  Given 
^raitemally  it  acts  similarly  to  chloral  hydrate,  and  is  said  to  have 
l^een  used  with  good  effect  in  certain  cases.  In  other  respects 
^feutyl  chloml  presents  the  greatest  analogy  to  common  chloral. 
^■*otash  Bulution  decompose  it  in  the  cold  with  formation  of 
illylene  dichloride,  CHgCCl  J!Z  CHCI»  and  |K)tii3sium  formate. 
leated  with  fuming  nitric  acid,  truhlorhuiyric  aeid,  CH^  CHCL 
ICl^COjjH,  is  formed,  a  botly  tolerably  soluble  in  water,  and 
pstallizing  in  needles  which  melt  at  CO"*,  the  acid  boiling 
^tween   2:^6**  and   238'",  and  forming   salts  which  are   easily 


lecomposed.^ 


THE  OXYBUTYRIC  ACIDS. 

571  a-Oxyhutyric  Acid,  CHjj.CH2.CH(0H).C0^H,  was  first 
obtained  from  brombutyric  acid  (Part  L  p*  579)  by  acting  on  it 
with  water  and  silver  oxide."  In  order  to  prepare  it,  brombutyric 
acid  is  boiled  Tivith  baryta  solution,  the  barium  precipitated  by 
sulpburic  acid  and  the  oxybutyric  acid  extracted  from  the  soln- 
tiou  by  shaking  with  ether.  The  crude  acid  is  then  converted 
into  the  zinc  salt,  (C^H,03)2Zu+2H20,  crystallizing  in  small 
prisms  and  difficultly  soluble  in  cold  water,  and  this  is  then  de- 
composed by  sulphuretted  hydrogen.* 

a-Oxybutyric  acid  is  also  furmed  when  propionaldehyde  is 
mixed  with  an  excess  of  aqueous  hydrocyanic  acid  and  allowed 
to  stand  for  some  days  at  0^  One  and  a  half  times  its  volume 
of  hydrochloric  acid  of  specific  gravity  1'185  is  added,  and  the 
whole  allowed  to  st&nd  at  the  ordinary  temperature  for  some 
I      days,  and  then  heated  for  some  hours  to  60' — TO""  and  the  acid 

I  removed  by  shaking  with  ether,* 
It  is  a  crystalline  deliquescent  mass  melting  at  42''— 42°'5, 


^ 

W 


'  EririKr  tmd  Pibuct,  Ber.  IkntAch.  Ch^m,  G*'^.  iil  389 ;  Judsoii,  ib,  iU. 
785;  K«lilbAt&ni,  ib*  xii.  2337;  G&Z2orolii-Tkiirtikk«  Ann,  Vhcitu  Pfiarm. 
Jxxxii  181. 

*  N4iimann»  ih,  tx\x,  115  ;  Frie4*jl  and  Machuca,  ib,  cix,  279. 

•  MArkownikow.  ib,  clix.  242. 

♦  Ptuibyttk,  Jorum,  Rum,  Chan.  Gts,  viii   836 ;  Bcr,  IkuUeh,   Chmu  OtM, 
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beginning  to  siitlime  at  60*'-70^  and  boiling  at  SaS**— 260"*  with 
partial  decorn]K»sitirjn,  On  oxidation  it  yields  propioraaldehydw 
and  propionic  acid.^ 

572  B'O^yyhiiiyrwAdd,  CH3,CH(OH).CH2X?O^H,  was  firet  ob- 
tained by  Wislicenus  by  acting  with  sodium  amalgam  and  water 
on  ethyl  acetacetate  ^  (jj.  172).  It  is  also  iVnined  when  propyktne 
chlorhydrin  is  heated  to  lOO**  with  potassium  cyanide  and  spirit 
of  'vvine,  and  the  nitril  %vhich  13  thus  farmed  decomposed  with 
caustic  potash.^  In  oixler  to  separate  it  from  alkali  Raits  which 
are  formed  at  the  same  time,  it  is  acidified  with  sulphuric  acid 
and  shaken  up  with  ether  ;  the  ethereal  solution  depositing  the 
acid  as  a  viscid  delit^uescent  syrup,  which  volatilizes  in  a  current 
of  Pteam,  and  when  heated  by  itself  is  converted  into  aH^rotonic 
acid.  The  zinc  salt  is,  like  most  of  the  y9-oxybutymtes, 
amui-phous, 

fi'OxyhUyraldchyde,  CH3.CH(0H),CH^C0H.  This  com- 
pound, which  is  the  only  known  aldehyde  in  the  lactic  acid 
series,  was  obtained  by  Wurtz  by  gradually  adding  2  parts  of 
hydrochloric  acid  of  S])ecitic  gravity  1*16  cooled  to  —10*,  to  a 
mbcture  of  equal  paxis  of  hydrochloric  acid  and  aldehyde  c<x)led 
to  0**.  The  mixture  wjls  allowed  to  stand  for  some  days  at  the 
ordinaiy*  temperature,  then  neutralized  with  carbonate  of  sixla^ 
shaken  up  with  ether,  and  the  residue  remaining  on  evaporation 
was  distilled  in  a  vacuum.  The  formation  of  this  body,  which 
^  was  termed  aldol  (aldehyde  alcohol)  by  Wurtz,  is  explained  by 
the  following  equations : 

(1)  CHsCOH  +  HCi  -  CH3CH(0H)CL 

(2)  CH3.CH.(0H)C1  +  CH3.COH  =  CH3.CH(0H)CH,C0H  + 

HCI. 

It  is  a  thick  liquid  which  at  0°  is  so  tenncious  that  the  vessel 
containing  it  may  be  overturned  without  its  nmning  out.  It  is 
easily  soluble  in  water,  and  has  a  bitter  aromatic  taste.  Under 
ordinary  pressure  it  cannot  be  distilled  without  change,  as  it 
decomposes  above  135^  into  water  and  croton  aldehyde.  It 
quiclcly  reduces  ammoniacal  silver  solution  with  formation  of  a 
silver  mirror,  and  production  of  y3-ox}hutyric  acid,  and  imites 
with  nascent  hydrogen,  forming  /3*butylcne  glycol 

*  Ley,  Btr,  Deufsck.  Chtin,  Otn,  x,  230. 
'  Ami.  Chrm,  Phann.  cxHx.  206. 
I  3J<^|^Iio\viiikow,  ih.  oUii.  237. 
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On  standing  it  undergoes  spontaneous  change  into  paraldol,  a 
^^y  crystallizing  in  triclinic  prisms,  and  this  on  heating  under 
^^linished  pressure  is  again  transformed  into  aldol. 
Aldol- Ammonia^  or  Oxi/dibiitidene  Hydroxyamine^ 

CH3.CH(0H).CH,CH  |  ^.^ 

is  obtained  by  passing  ammonia  into  an  etliereal  solution  of 
dol     It  is  a  syrupy  liquid,  wliich  dries  up  in  a  vjicuum  to  a 
inous  mass. 
Diaidan,  C^H^^O^,  is  formed  when  the  mixture  of  aldehyde 

and   hydrochloric   acid,   used   for  the  preparation  of   aldol,  is 

allowed  to  stand  for  some  time. 

^It  forms  crj^stak  which  are  slightly  soluble  in  cold  water,  but 
l^ai^;?e  in  boiling  alcohol  and  melt  at  VMf.  Like  aldehyde  itre- 
^tedil^ammoriiacal  silver  solution,  and  it  i*^  oxidized  by  potassium 
permanganate  with  fcvrmation  of  monobasic  dialdtrnw  add, 
CgHj^O^  a  body  easily  soluble  in  ^vater,  and  crystallizing  in 

imonoclinic  prisms,  which  melt  at  80".* 
\^Tien  dialdan  is  treated  with  sodium  amalgam  in  slightly 


acid  solution,  dialdan  alcohol,  CjjHj,j03,  is  formed.     This 


13  a 


cni'stalline  deliquescent  mass  melting  at  about  50°  and  boiling  at 
16^ — 165^  under  a  pressure  of  10mm,  On  heating  with  acetic 
anhydride,  the  diacetate,  Cj^H^^(C.,n/))203,  is  formed.  The 
alcohol  does  not  combine  with  bromine,  and  the  dialdan  coin- 
pounds  therefijre  do  not  not  contain,  as  Wurtz  formerly  supposed, 
two  doubly  linked  carbon  atoms.  He  now  gives  the  following 
formula  to  the  alcohol  :  ^ 

CH3CH.CH^CH.CH,.CH(0H,CH,CH,,0H. 


0 


When  dialdan  is  heated  with  aqueous  ammonia,  the  dyad 

'i^H^gO^Ng,  is  formed.     It  is  amorphous,  easily  soluble  in 

t?r,  and  has  ao  alkaline  reaction  and  a  very  bitter  ttist-e.* 

573  y-OxuhutyriG  Acid,  CH^(OH).CH2.CH2.CO^H,     By  the 

action  of  phosphorus  pentachloride  on  succinic  acid,  C.^^(C0;H)2, 

tlie  corresponding  chloride,  C2H4(COCi).>,  is  obtained,  and  this 

when  treated  with  glacial  acetic  acid  and  sodium  amalgam  yields 

*  BuH  Soc.   CAtm,  [2],  xvii.  436 ;  xx.  4  ;  Compt.  Emd,  IxxxiiL  255,  1259  ; 
lajcFii,  45;  Bull.  Soc.  Chim,  xxviiL  170, 

*  tempi,  liend.  xcil.  1871. 

*  Ih.  ic.  1030* 
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the  anhydride  of  the  above  oxybutyric  acid>  which  probabljr 

the  following  constitution ; 


C  H^*C  H^CHj 


0' 


-CO. 


It  is  a  crystalline  body  boiling  at  20r — 203"*,  and  when  heated 
with  baryta  water  it  yields  the  crystalline  deliquescent  barium 
salt,  from  which  the  acid  can  be  liberated  by  dilute  sulphuric 
acid  and  withdrawn  from  solution  by  means  of  ether.  Ou 
evaporating  this  solution  the  acid  remains  as  a  liquid,  which  on 
distillation  j^elds  water  and  the  anhydride,  which  on  oxidation 
yields  succinic  acid,  and  was  formerly  considered  to  be  the 
aldehyde  of  this  latter  acid.  The  Bt>lution  of  the  zinc  salt 
jields  a  syrup  on  evaporation,  which  on  standing  solidilied  to 
an  imperfectly  crystalline  mass. 

By  the  action  of  phosphorus  iodide  on  the  aqueous  aolution 
of  the  anhydride  7-iodobutyric  acid  is  obtained,  an  oily  liquid 
which  is  converted  into  normal  butyric  acid  by  the  action  of 
dilute  sulphuric  acid  and  sodium  amalgam,^ 

574  a-Oxyisohutyric  Arid,  (CHj,)2,C(0H).C0jH,  was  first 
obtaine<l  by  Wiirtz  by  oxidiziiag  amylene  glycol,  and  termed  by 
him  butyl  lactic  acid.*  Stadeler  afterwards  obtaiued  it  by  the 
action  of  hydrocyanic  acid  and  hydrochloric  acid  on  acetone,  a 
nioile  of  formation  wliich  is  analogous  to  that  of  lactic  acid  from 
aldehyde,  and  termed  it  aceionk  aeid.^  After  this  Frankland 
and  Duppa  obtained  an  acid  of  the  same  composition  by 
heating  methyl  oxalate  with  methyl  iodide  and  zinc,  and  to  it 
they  gave  the  name  of  dimethyl  oxalic  acid*  and  Markownikow 
found  that  these  acids  are  identical  with  that  which  he  obtained 
by  boiling  bromisobut vric  acid  with  barjrta  water.  ^  Any  one  of 
these  different  methods  may  be  employetl  for  the  preparation  of 
the  acid.  A  mixture  of  acetone,  hydrocyanic  acid  and  dilute 
hydrochloric  acid  is  allowed  to  st^nd  for  three  weeks.  It  is  then 
boiled  for  three  days  in  connection  with  a  reversed  condenser, 
the  excess  of  acetone  evaporated  oflf  on  the  water-bath,  and  the 
residue  Bhaken  with  ether,  the  acid  remaining  after  eva])oration 
of  the  ether  being  converted  into  the  zinc  salt,  and  this  in  its 
turn  decomposed  by  sulphuretted  hydrogen.® 

'  Saytzew,  Joam.  Frakf.  Chnn,   [2],  xxv.  61, 
•  Ann,  Chrm,  PhamL  evil  IS". 


*  Ih^  cxi.  820. 

*  Jb.  cliii  22s. 


*  Jh,  cxxxiij.  80, 
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To  obtain  it  from  methyl  oxdate,  amalgamated  granulated  zinc 
^  c^overed  with  a  mixture  of  the  ether  and  methyl  iodide,  in  the 
^^oportion  of  1  tc>  2  inoleculeSj  and  the  mixture  heated  in 
■Ss^nce  of  air  fur  96  honrg  to  30'' — 50°.  To  the  crystalline 
**^Sfi  water  is  gradually  added  and  tlie  whole  bf-)iled  with  an 
*^ccfss  of  caustic  baryta.  The  dissolved  iodine  is  removed  by 
^^Iver  oxide,  and  the  barium  precipitated  by  carbon  dioxide,  the 
'^^rium  salt  being  obtained  by  concentrating  the  solution,  and 
^uis  again  decomposed  by  sulphuric  acid.^ 

If    the   acid   is   to  be   obtained   from  bromisobutyric   acid, 
^'Klium    carbonate  should   be   employed    in   place   of   caustic 

Oxyisobutyric  acid  is  very  soluble  in  water,  and  crystallizes  in 
large  white  prisms  which  melt  at  79°,  but  begins  to  sublime  at 
50"*,  It  boils  without  decomposition  at  212'',  and  volatilizes  easily 
in  a  current  of  steam.  It  has  a  sti'ong  acid  taste  and  a  peculiar 
cheese-like  smell  Its  crystalline  salts  are  all  easily  soluble  in 
water,  with  the  exception  of  the  zinc  salt  (C^H^OjJjZn  -f  2HjO, 
which  crystallizes  in  six-sided  microscopic  laminae,  or  in  well- 
ibinned  four-sided  tables,  dissolving  at  15°  in  160  parts  of  water, 
luid  being  somewhat  more  soluble  in  boiling  waten 

/9-OxysobutyricAeid,*^^'^2^^CH.CO.,H.  which  ought,  ac^ 

cording  to  theory*  to  exist,  is  not  known* 


^ 
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575  Propwnyl  Formic  Acid,  CH3.CH2.CO.CO2H.  When  pro- 
|jiouyl  chloride  is  heated  with  silver  cyanide,  its  nitril  or  pr^^^pionyl 
cyanide,  CgH^-CO.CN,  is  formed.  This  is  a  liquid  resembling 
^ceiyl  cyanide;  it  boils  at  108"* — 110*,  and  is  decomposed  by 
Water  into  propionic  acid  and  hydrocyanic  acid.  Propionyl  formic 
add  is  obtained  by  the  action  of  hydrocliloric  acid  upm  this  body, 
[t  10  a  peculiarly  smelling  oil  which  boils  under  a  pressure  of 
Somm,  at  74* — 78^  Sodium  amalgam  and  water  convert  it  into 
p-oxybutyric  acid.  The  majority  of  its  salts  are  easily  soluble 
in  water  and  crystallize  well,  and  this  serves  to  distinguish  this 
icid  firom  its  lower  homologue,  pyroracemic  acid*' 

'  Ann,  Cfhem.  Fharm.  cxtxv,  25.  '  Fitti^,  tft,  ec,  68. 

*  ClmijK&  md  Moritz,  Ber,  Ihuifich.  Chem,  Ges,  xiii.  21121. 
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576  Acetoacetic  Add,  CH^.CO.CHgCO.H,  is  not  known  ia  ^^< 
free  state.  Ethers  of  it  are  hiiwever  known,  and  of  these  ^^^ 
following  are  the  most  important. 

Eihyl  Acckmcetatc,  or  Acctmrdic  Ethyl  Elh^,  CH^.CO.CB^ 
CO^^CaHg.     In  the  year  1863  Geuther  commenced  to  study  ii^^ 
aetion  of  sotiiura  on  ethyl  acetate,  and  found  that  a  ciystaUitie 
compound  having  the  formida  C^H^NaO^  is  formed,  together  with 
80<lium  ethylate,  hydrogen  being  at  the  same  time  evolved.    If 
the  first  of  these  suhstances  be  heated  %vitli  methyl  or  ethyl 
iodide,  ether-like  compounds  are  formed,  whilst  by  the  action  uf 
hydrochloric  acid  on  this  sodium  compound  a  volatile   liquid 
having  the  composition  C^Hj^jOg  is  produced,  to  which   he  at 
first  gave  the  name  of  diacetic  ether.*     Later  on,  however,  he 
found  that  one  at^jm  of  hydrogen  in  this  Ix^dy  can  he  replaced  not 
only  by  sodium  but  by  other  meUds,  and  he  tlien  considered  the 
body   to  be  ethyl   diacetic   acid,    and    the  bodies  obtained  by 
the  action  of  iodides  on  this  he  considered  to  he  the  ethers  of 
this  acid.2 

In  the  meantime  Frankland  and  Duppa,*  without  being 
acquainted  wuth  Geuther*s  investigations,  occupied  themselves 
with  this  subject,  and  likewise  found  that  sodium  acts  upon  acetic 
ether  with  evolution  of  hydrogen  and  formation  of  a  crystalline 
mass.  This  mass  they  treateil  w^th  ethyl  iotlidc,  and  after  the 
reaction  was  complete  added  water  to  it  and  distilled,  and  from 
this  distillate  obtained  the  following  products :  ^| 

(1)  Diethyl  ether,  (C^HJp. 

(2)  The  ethyl  ether  of  ethyl  acetic  acid,  {Q^^)Qll^.QO^n 
which  is  identical  T^dth  butyric  acid,  ■ 

(3)  The  ethyl  ether  of  diethylacetic  acid,  {C^^fiB..CO^^i^ 
which  is  isomeric  with  caproic  acid. 

(4)  Ethyl  acetone-carbonic  acid,  CgH^^Og,  a  body  identical 
with  Geuther's  ethyl  diacetic  etiiyl  ether,  and  it  is  converted  by 
heating   with  baryta   water  into   alcohol,  carbon  dioxide,  and 


(5)  Diethyl-acetone  acetic  ether,  C^^iH^gO^,  a  body  which  on* 
heating  with  bases  yields  alcohol,  carbon  dioxide,  and  diethyi 
acfJone.   (CaHJ.CH.CH.CO.CH,. 

Similar  compfjunds  with  other  alcohol  radicals  were  obtained 
by  the  employment  of  tlic  iotlides  of  methyh  isopropyl  and 
amyl. 

»  Jahre9b.  Chem.  1863,  823.  •  lb.  ISCS,  302. 

'  rhiL  Traru.  cMp  37. 
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The  fonnation  of  ethyl  acetic  acid  and  diethyl  acetic  acid  and 
other  simple  and  double  substituted  acetic  acids  was  explained 
'by  the  supposition  that  when  sodium  in.ts  upon  acetic  ether  the 
compounds  CH^Na.COgC^H^  and  CHNa2.C02C2H^  are  formed^ 
and  that  when  the  sodium  in  these  is  replaced  by  alcuhtd  radicals 
the  ethers  of  the  higher  fatty  acid  are  produced. 

The  formation  of  ethyl  caibonate  of  ethyl  can  al&o  be  readily 
explained.  According  to  Gt*uthcr  the  formation  of  sodium  ethyl 
diiicetate,  or  sodacetone  carbonate  of  ethyl  as  Frankland  and 
I>uppa  called  it  is  represented  by  the  following  equation  : 

2CjH50.C^H,0  +  Na^  =  H,  +  C2H,.0Na  +  CeH^NaO^. 

But  according  to  Frankland  and  Diippa  it  is  probably  formed 
as  follows : 

I 
CO 

I 

CHXa 

I 
CO.OC.H^ 

If  the  8o*lium  be  replaced  by  ethyl,  ethyl  carbonate  of  ethyl  is 
formed,  and  this  is  decomposed   by  baryta  water   ioto   ethyl 
fttone,  alcohol,  and  cnxbon  dioxide* 
tin  this  reaction  disodacetonate  of  ethyl  may  be  formed: 


CH.  ^ 

CO.OCjH, 


Na,    = 


+    2CsHs.0H    +    H,. 


CH, 

I 
CO.OCjH, 


+    Na,    = 


CH, 

I 
CO 


+     C„H,OII    +     H, 


CNa, 
O.OC.H. 


i 


This  can  be  converted  by  ethyl  iodide  into  dietliyl  carbonate 
of  ethyl  which  yields  diethyl  acetone  when  decom]K>sed  by 
alkalis.^ 

These  views  are  gencrftlly  accepted,  and  as  in  this  case  the 
action  of  sodium  upon  acetic  ether  is  first  to  produce  sodium 
acetoacetic  ether,  CH^Na  COgC^Hj^.  it  was  hoped  by  the  action  of 
acetyl  chloride  on  the  crude  product  to  obtain  larger  quantities 
uf  Geu tiler's  ethyl  diacetic  acid.^  Hence  it  was  termed  acetyl 
acatic  ether,'  or  shortly,  acetacetic  ether. 

'  Phil,  TmM,  xc\n.  37.  *  Lipfmann,  Zn'ttch.  Ch^m.  186&,  23. 

'  Wialieeiius,  Ann.  Chcm.  Pjtann.  cxlLr.  207* 
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Geutlier  had,  however,  in  the  meantime  repeated  his  expet^' 
menls  and  orrived  at  exactly  the  same  conclusion  as  before,  H^ 
in  %'ain  endeavonrcd  to  obtain  the  hypothetical  sodium  com* 
pound,  the  existence  of  which  Frankland  and  Duppa  assumed, 
and  he  was  able  to  explain  to  a  great  extent  some  of  the 
syntheses  obtained  by  these  chemists.  He  found  in  the  first 
place  that  when  pure  sodium  ethylate  is  heated  with  pure 
acetic  ether  a  considerable  quantity  of*' ethyl  diacetic  acid"  is 
formed  — 

C.H,.ONa  +  2C,H,0j  ^  gC^H.OH  +  C^H.NaO^. 

Moreover,  he  observed  that  when  the  ethyl  ether  of  this  acid 
(ethyl  acetone  carbonate  of  ethyl)  is  heated  with  acetic  ether  and 
sodium  ethylate,  etlijl  butyrate  is  formed : 

CACCeHJO^  +  C,H, ONa  +  C^H^OOaH,  =  C,H3NaO,  4- 
2C4HyO.OC2H,. 

By  the  action  of  sodium  on  acetic  ether  the  first  compound 
wliich  is  produced  is  QH^NaO.^,  together  with  sodium  ethylate*] 
This  latter  acts  further  upon  the  acetic  ether  according  to  the* 
iirst  of  the  above  equations.     By  the  action  of  ethyl  iodide 
ethyl  acetone  carbonate  of  ethyl  is  formed,  and  this  is  then  con-  ■ 
verted   according  to  the    second  equation  into  sodium  acetate^ 
and  ethyl  butyrate.     He  also  suggested  that  tlie  latter  compound 
yields  the  two  other  bodies,  inasmuch  as  when  treated  with 
sodium  ethylate,  it  behaves  in  a  similar  way  to  ethyl  acetate.^ 

Further  investigations  on  this  subject  have  showm  that  when 
perfectly  pure  and  absolutely  dry  acetic  ether  is  made  use  of  no 
hydrogen  is  evolved.^  According  to  Oppenheim  and  Precht^ 
this  depends  upon  the  fact  that  a  part  of  the  acetyl  which 
separates  from  the  acetic  ether  is  reduced  to  sodium  ethylate :      — 

CH3.CO-    +    Na    +    H,    =    CH,.CH,.OI^a.  I 

577  The  researches  of  Wislicenus  and  his  pupils  however  have 
thrown  a  clear  light  upon  the  changes  which  at^company  the 
synthetical  reactions  discovered  by  Frankland  and  Duppa,  The 
results  to  which  they  arrived  have  akeudy  been  mentioned, 
(Part  I,,  page  180.) 

It  is  therefore  suflScient  here  shortly  to  sUxie  that  the  ethyl  | 
sodacetacetate,  CH^.CO.CHNa.CO.OCgH^  is  converted  by  acids 

»  Jahir^.  186S,  511. 

■  Wanklytt,  Joum,  Chem,  Soc  [2],  ii.  871  ;  Ladenburg,  Bcr,  Dcutxh. 
Qcs.  \\\.  305. 
>  lb.  ii.  320, 


Wo  ethyl  acetacetate,  CHaCO.CH.^.CO.OOsHs,  in  which  one 
yy^lrogcn  atom,  but  no  more,  can  be  again  replaced  by  sodium, 
ill  tlie  ethers  which  are  obtained  by  the  action  of  the  iodides  of 
tie  alcohol  radicals  on  tliese  sodium  conipounds  the  second  atom 
nf  hydrogen  can  be  replaced  by  sotlium  giving  rise  to  compounds 
such  as  CH3C(3XXC^HJNa.CO,C^Hs.      In  this  the  metal  can 

again  be  replaced  by  an  alcohol  radical    The  simple  and  double 

acetacetatea    thus    obtained    are    decomposed   by   concentrated 

caustic  potash  in  the  following  way : 


» 


CO 

CXY 

CO.i 


+    2K0H    = 


OC.H, 


S"ft 


CH. 

CO.OK 
CHXY 
CO.OK 


+    IIO.C.H, 


I 
I 


In  this  formula  X  and  Y  signify  either  hydrogen  or  any 
alcohol  radical,  and  tliey  yield  therefore  potassium  acetate,  the 
potassium  salt  of  a  simple  or  double  substituted  acetic  acid  and 
alcoboh 

By  the  action  of  baryta  water  Ketones  are  formed  :  ^ 

CH. 

^ 

I 

CHXY 


I 
CO 

i 


CXY 

lx>. 


+    Bii(OH), 


+    HO.C2H5    +    COjBa. 


OC,H. 


578  rrcparatwri.  In  order  to  prepare  ethyl  acetacetate,  the 
foUowing  process  may  be  employed  ; 

To  one  kilo,  of  pure  ethyl  acetate  contained  in  a  flask  provided 
with  a  reversed  condenser  1 00  grams  of  sodium  cut  into  small 
pieces  are  at  once  added  wlien  the  liquid  soon  begins  to  boiL 
When  this  ceases  it  is  heated  on  a  water-bath  until  the  metal 
is  completely  dissolved.  To  the  still  warm  liquid  mass  550 
grams  of  50  per  cent,  acetic  acid  are  then  added  and  the  whole 
well  shaken  up,  the  mixture  allowed  to  cool,  and  then  500cc.  of 
water  a<.lded  when  the  mass  sepamtes  into  two  layers.  The 
upper  of  these  is  removed,  washed  %vith  a  little  water  and  distilled 
in  the  water-bath,  when  the  larger  quantity  of  unaltered  ethyl 

Ch€Vi^  Pharm,  clxicxvi.  161,  where  the  hbloiy  of  this  lulgect  U  Mlf 
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acetate  distils  over.     The  residue  is  then  submitted  to  (r^tio/^  . 
distillation  until  the  cliief  ix»rtioTi  boils  at  175'*^185'',  and  iP   1 
liquid  tlms  obtajned  is  sufficiently  pure  for  most  purposes.    K/ 
repeated  fractional  distillation  a  somewhat  purer  product  boilin^^ 
at  178° — IS^''  is  obtained,  but  as  tlie  ether  decomposes  slightly 
on  distillation  into  prod  acta  which  will  be  afterwards  describe*!, 
a  perfectly  pure  substance  cannot  be  thus  obtained.      In  the 
most  favourable  ease  a  yield  of  175  grams  is  obtained.^     The 
largo  excess  of  ethyl  acetate  is  necessary  in  order  to  diminish  the 
decomposition  which  occurs  and  by  w^hich  the  yield  would  be 
much   diminished.      The    alcohol  is  removed    by  shaking  thftj 
porticm  passing  over  below  100''  with  comomn  salt.      The  upji 
layer  of  litjuid  is  then  dried  over  calcium  chloride  and  purifit 
by  distillation,  and  in  this  w^ay  350 — iOO  grams  of  ethyl  acetat€ 
are  recovered. 

Ethyl  acetacetate  is  a  liquid  having  a  pleasant  fruity  smell, 
and   boiling   with    slight   decom]K>sition   at   181"*,  its    specific  h 
grjivity  at  20°  being  1*0256.     When  brought  in  contact  w^ith^ 
sodium  amalgam  and  water  it  is  converted  into  yS-oxybutyric 
acid?     A  very  characteristic  property  of  this  substaore  is  that 
it  is  coloured  violet  by  ferric  chloride.    A  sindlar  coloration  is 
produced  by  the  same  reagent  in  diabetic  urine,  and  for  this 
reavson  Geuther  suggested    that   tliis   liquid  priibably  contains 
ethyl  acetacetjite,  and  this  is  rendered  more  probable  by  the  fact 
that  such  urine  yields    the  products    of  the  decomposition  of 
the  etlier,  namely  acetone  and   alcohol     More   recent  experi- 
ments render  it  almost  certain    that    Geuther's  suggestion  is 
correct  although  the  ether  has  not  yet  been  isolated  from  this 
liquid.     The  quantity  present  is  very  small     In  one  case   the^ 
amoimt  was  determined  by  converting  it  into  ic4ofonn,  and  it^| 
was  found  that  in  eight  days  100  parts  of  urine  hiui  yielded  from 
0.03DD   to  0.01909  of  ethyl  acetacetate,  probably  occurring  inj 
the  form  of  sodium  compound.^ 

It  has  already  been  stated  that  ethyl  acetacetate  deeompos 
on  distillation.     In  this  ca;3e  a  peculiar  a<?id  is  formed  to  which" 
Geuther    has   given  the   name  of  d^'kydraatk    m^d,   CyUgO^. 
This   is  obtained  in  considerable  quantity  when  the  ether  ia^| 
heated  for  three  hours  to  a  temperature  of  230'' — 250''^  when  a^ 

*  Ann,  Chem.  PJiarm.  clxixvl  214, 

*  Wialk'cims,  iK  cxUx,  205. 

*  RupBt/'iii,  i^m-wfuw**  Zcil^tch.   %\v.  41S ;  Hilger,  Ana,  Cfutn.  Pharm. 
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^^Hsiderable  quantity  of  ethyl  acetate  together  with  other  pro- 
ducts is  formed.^      It  is  best    obtainod    liuwever   by    passing 
^thyl  acetacetite  through  a  tube  lieated  below  dull  redness,  when 
nJcahol  and  acetone  are  also  formed**     It  is  difficulty  soluble  in 
cold  water  but  dissolves  more  readily  in  hot  alcohol  and  crystal- 
lizes in  rhombic  tables  which  melt  at    108""  5  and   boil  with 
partial  decomposition  at  2Q0°.     It  is  a  monobasic  acid  and  does 
atrt  undergo  change  when   heated  with  strong  sulphuric  acid  or 
concentrated  nitric  acid.      If  heated  with  concentrated  caustic 
^oda  it  decomposes  into  acetone^  acetic  acid  and  carbon  dioxide. 
Its  constitution  is  unkno^Ti. 


» 
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57g  These  contain  one  atom  of  hydrogen  which  is  easily  re- 
placeable by  metals,  and  this  no  doubt  is  rendered  possible  by  the 
presence  ot  the  two  carbonyl  groups.  The  salts  of  acetacotic 
eiher  have  l>een  chiefly  investigated  by  Geuthcr  and  by  Cimrad.^ 

Etlujl  Sodacdafc,  C(jHg03Na,  This  important  compound  is 
best  obtained  in  the  following  way:  10  partg  of  so<]ium  are  dis- 
solved in  100  parts  of  absolute  alcohol  and  an  equal  volume 
of  anhydrous  ethyl  ether  added,  and  then  gradually  a  mixture 
of  56' 5  parts  of  ethyl  acetacetate  and  the  same  quantity  of 
anhydrous  ether.  The  mixture  is  tljen  well  shaken  with  2 
parts  of  water  when  the  whole  is  converted  into  a  thiclc  jwiste 
consisting  of  crystalline  needles,  wliich  are  then  brought  on  to 
a  filter  pump  and  dried  in  a  vacuum  over  sidpliuric  acid.  In 
this  way  a  glistening,  light,  white  mass  is  obtained,  whilst  tl»e 
filtrate,  which  still  contains  some  of  the  compound,  is  distilled 
with  acetic  acid  in  onlcr  to  regain  the  acetat  etic  acid.*  Ethy! 
fiodacetacetate  crystallizes  from  hot  benzol  in  featliei-y  needles. 

It  hiis  already  been  stated  that  this  substance  is  eniplijyed 
for  the  synthesis  of  various  compounds.  If  the  itjdide  of  an 
alcohol  radical  act  upon  this  body,  sodium  is  replaced  by  the 
radical,  and  a  substituted  ethyl  acetacetate  is  obtained,  which 


'  Oppcnhcim  %\u\  Pncht,  %h,  U,  323  uud  IOCS. 
■  Ann,  Chem,  Phtrm.  cli^xxviiL  2G9. 
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being  decomposed  by  strong  alkalia  yields  acetic  acid,  an  homi 
logous  acid,  find  alcuhoL  This  substituted  ethyl  acetacetate  agai 
forms  a  siodium  comjx>uad  in  which  the  metal  can  be  replac< 
by  an  alcohol  radical,  and  by  the  decomposition  of  the  com 
pound  thus  obtained  a  doubly  substituted  ethyl  acetate  is  form 
(Part  L  p.  181  J.  Less  ixjwerful  alkalis  such  as  btuyta  wai 
decompose  the  ethyl  acetacetate  into  a  ketone,  carbon  dioxide 
and  alcohol.  If,  instead  of  an  iodide  of  an  alcohol  radicfd,  thi 
ethereal  salt  of  an  halogen-substituted  fatty  acid  be  employed, 
a  class  of  ethers  is  obtained  which  in  a  similar  way  yield  by  the 
action  of  alkalis  either  the  aeitls  of  the  oxalic  series  or  ketonie, 
acids.  In  the  ethereal  salts  of  the  latter,  final  1}%  another  ator 
of  hydrogen  may  be  replaced  by  sodium,  and  this  again  b; 
carbon  radicals,  and  thus  the  synthesis  of  tlie  higher  dibasi( 
acids  and  of  the  tribasic  acids  may  be  accomplished. 

In  most  cases  it  is  not  necessary  to  obtain  the  ethyl  sodace 
acetate  iu  the  pure  state,  but  the  process  may  be  cfuried 
out  as  follows.  Sodium  is  dissolved  in  ten  times  its  weight  of 
absolute  alcohol,  and  to  tlie  cold  liquid  the  calculated  quantity^ 
of  acetacetic  acid  added  and  then  the  halogeo  compound,  when 
a  reaction  usually  occurs  spontaaeously.  This  is  allowed  to  go 
on  slowly,  but  in  some  cases  it  must  be  aided  by  heat,  whilst  if 
it  become  too  rapifl  the  raixture  will  require  cooling  or  the 
halogen  comixmnd  must  bo  adtled  by  degrees.  The  end  of  the 
reaction  Is  easily  indicated  by  the  fact  that  the  solution  no 
longer  renders  red  litmus-paper  blue.  The  larger  quantity  of 
the  alcohol  is  then  distilled  off  on  the  water  bath,  water  is 
added  to  the  residue  antl  the  lighter  layer  of  liquid  purified  by 
fractional  distillation.  The  mono-substituted  ether  thua  obtained 
treated  in  the  same  "way  yields  a  doubly  substituted  one.  If, 
however,  the  same  alcohol  radical  has  to  be  introduced  twice, 
the  same  quantity  of  sodium  e  thy  late  solution  is  ailded  whea' 
the  reaction  is  over  and  then  the  process  carried  on  aa  abtjve 
described.  In  many  Ciuses  two  atoms  of  sodium  may  be  intro- 
duced into  one  molecule  of  ethyl  acetacetate  at  once,  and  then 
two  molecules  of  the  halogen  compound  may  be  added. 

If  the  products  of  decomposition  of  the  ethyl  acetacetate  are 
required  and  not  the  pure  ether  itself,  it  is  simpler  to  remov 
tlie  larger  quantity  of  alcohol  as  above  described  and  treat  th 
residue  with  alkali.^ 


ie 

i 
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1  Coand  and  Limpaeli,  Ann.  Chem.  nam.  exdi.  ISS, 
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When  ethyl  siMiacetacetate  is  treated  with  iodine  the  following 
reaction  takes  place  : 

CH..C0.CHNa.C0.C,H5  CH,.C0raC0,.aH5 

CH3.CO.CHNa.C0.C.H^  CH3,C0.CaC0,.C,H^ 

The  diacetosuccinic  ether  thus  obtained  k  easily  soluble  in 
filler  and  alcohol,  and  crj^stallizes  in  rhombic  tables  which 
imelt  at  77^*  and  yields  a  eeries  of  interesting  products  of 
cleoomijK>sition»  which  wall  be  described  further  on. 

580  Eihi/l  Ma^fu-siitm  AcHacetate,  {p^^O^,^g,  is  precipi- 
t:ated  by  mixing  ethyl  acetacetate  with  a  solution  of  magnesium 
sulphate,  ammnnia  and  sal-ammoniac.  This  may  be  crystallized 
:Croin  solution  in  hot  benzene  or  ether  in  glistening  laminae 
mnelting  at  240^ 

In  a  similar  way  the  roac-red  cobalt  compound  nnd  the  green 
:Kiickel  compound  may  be  obtained.  These  are  also  soluble  in 
liot  benzene,  and  crystallize  from  that  solvent. 

Ethyl  Coppar  Acdacdatc  (^^^l^O^J^ix,  is  formed  when  a  solu- 
tion of  copper  sulphate  in  ammonia  is  shaken  with  ethyl  acet- 
^leetate  ether.  It  crj'stallizes  from  hot  benzene  or  alcohol  in 
glistening  green  needles  which  sublime  pirtiaJly  at  178'',  melt 
^t  IBS'",  and  decompose  at  a  higher  temperature  with  sepjiration 
^>f  copper. 

Ethyl  Alnmirmim  Acetacdate,  (C^jHg03)jjAl,  separates  out 
"when  a  solution  of  potassium  aluminat^  is  mixed  with  ethyl 
^cetacetat<?.  Glistening  needles  are  deposited  in  a  few  hours  and 
these  are  sc^luble  in  ether  and  benzene.  Tliese  melt  at  76^  and 
rhen  gently  heated  in  a  narrow  sloping  tube  can  be  volatilized 
^^tliout  decomposition. 

Hence  the  copi>er  and  aluminium  compounds  belong  to  the 

i4all  class  of  orgn  no -metal  lie  bodies  containiug  oxygen  which 
<!an  be  volatilized  without  decomposition,  Amoni^st  other  com- 
j>ounds  p>ssessing  this  property  we  find  aluminium  ethylate, 
ethyl  lead  hydroxide,  and  ethyl  tin  hydroxide,  &c. 

sVi  Ethyl  Chlorac€tacdat€,Cn^.CO.CRCWO J' Jl^/is formed 
"when  aulphuryl  chloride  is  allowed  to  drop  into  ethyl  acetacetate : 

CHg,CO-CH,.CO^aH,-h  SO^Clj  -  CH^.CO.CHCLCOar^H,  -h 

HCl  +  SO^ 

It  ia   a  liquiil  boiling  at  103* — 195*,  and  its  vapour  attacks 

*  Hiigheiitier,  Bcr,  DetdicK  Chem,  Cht.  vii.  802. 
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the  eyea.    Alcoholic  potash  decomposes  the  liquid  with  foraia- 
tion  of  chloracetic  acid.*     It  also  forms  metallic  compouuds.- 

Elkijl  Diddoracdacctale,  01^,00. CC\CO^.Q^n^,  is  obtained 
by  acting  with  chlorine  on  ethyl  acetacetate,*  aa  well  ad  by 
treating  it  with  an  excess  of  su!phnr}i  chloride.  It  is  a  liquid 
boiling  at  205*" — 207"  and  having  a  i\unt  ethereal  smelly  but 
the  vapours  excite  a  flow  of  tears.  When  heated  with  dilute 
hydrochloric  acid  to  170' — 180**  it  decomposes  into  carbon  di- 
oxide, alcohol,  and  unsymmetrical  dichloracetone,  CH^.CO.CHCU, 
whilst  potash  decomposes  it  into  acetic  acid  and  dichloracetic 
acid. 

Ethyl  NitTom-acetacetaU,  CHa,CO.CHCNO).COg.C^Hj,  ia  formed 
when  ethyl  acetacetate  is  dissolved  in  dilute  caustic  potash  and  a 
quantity  of  potassium  nitrite  equivalent  to  the  potash  used 
added,  the  nuxtute  kept  cold  and  acidified  with  dilute  sulphuric 
acid,  then  made  alkaline  and  the  yellow  solution  shaken  up 
with  ethen  The  compound  crystallizes  from  chloroform  in 
colourless  glistening  hard  prisms  and  dissolves  in  alkalis  with  a 
yellow  colour.  It  melts  at  52° — 54°,  and  does  not  yield  Lieber- 
mann  s  reaction  with  phenol  and  sulphuric  acid  (Part  I.  p.  421) 
but  gives  an  intense  red  colouration.  lu  aqueous  solution  has 
an  acid  reaction.^ 

582  Ethyl  Amtdo-acdacetatc,  C^Hj^NOo,  is  a  compound  ob- 
tained by  passing  dry  ammonia  into  wt«ll-couled  ethyl  acetacutate. 
It  is  soluble  in  all  proportions  in  alcohol  and  ether,  and  crystal- 
lizes in  short,  thick,  mouoclinic  prisms,  which  melt  readily.  They 
are  not  soluble  in  water,  but  are  soon  converted  in  contact  with 
it  into  a  he;\vy  liquid  which  solidifies  at  2"^^ — 4"^^  This  body 
probably  lias  the  double  molecular  weight,  and  stands  to  ethyl 
acetacetate  in  the  same  relation  as  diacetonamine  stands  to 
acetone  (Part  I.  p.  574), 

Ethyl  Thiocarhacdac^tate^  CH3,CO.C(CS).C02.CJIjj.  is  formed 
when  ethyl  acetacetate  is  heated  with  carbon  disulphide  and  lead 
oxide  or  zinc  oxide  to  100",  It  crystallizes  from  hot  alcohol  in 
small  straw-coloured  needles  melting  at  about  IGO** 

Thiontfic  Acid,  C^oH^^Sfi^.  The  sodium  salt  of  this  acid  is 
produced  wlieu  the  product  of  the  action  of  smlinm  on  ethyl 
acetate  is  treated  with  carbon  disulphideand  w^ashed  with  w^ater. 
It  forms  brick-red  coloured  needles,  and  the  free  acid  obtained 

•  Allihn,  Jiff.  Pcul^Ju  Chan.  /7«.  xi.  Ul.  *  Ih,  sL  120S. 
'  Conrwi,  LifhtYn  Ann.  clxxxvl  232. 

*  hhy^iv  and  Ziildin,  Bcr.  DetUack.  CUm*  Ou*  zL  320. 
»  Pteclit,  Of,  xi.  1193, 
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from  these  by  the  acfioti  of  hyJrodiloric  acid  crystallizes  in 
orange-red  glistening  scales*     Its  formation  takes  place  in  two 


8t<*iges : 


(1)  CH,,CO.CHNa.CO,,C,H,  +  CS^  - 


CH3.CO.CH(CS.Na)CO,.C2H5. 

The  sodium  xauthate  (Part  I.  p.  389)  which  is  formed  at 
tlie  same  time,  acts  at  once  upon  the  compound  which  is  thus 
produced  ^ : 


(2)  CH3,CO,CH(CS2Na)C05.CjH, 


p^/SNa    _ 


yCaSNa 

cHg.co.c^cs.oaH,  +  Ksa 
\co.oaH, 

Sodium  acts  upon  other  ethereal  acetates  as  it  does  upon  com- 
mon ethyl  acetate.  The  foUowing  ethereal  salts  of  acetacetic 
acid  have  been  prepared  : 

'  Methyl  ether,     C,H,03.CH3 

*  Isobutyl  ether,   C^Hp^.C.H^ 

*  Amyl  ether,        C^^s%^5^n 

Methyl  acetacetate  is  coloured  a  dark  cherry  red  by  ferric 
chloride ;  the  others  do  not  assume  this  colouration.  They  form 
metallic  compounds,  and  may  be  distilled  with  alij,dit  decom- 
position when  some  hydracetic  acid  is  formed,  the  alcohul  radical 
not  taking  part  in  the  reliction  (Emmerling  and  Oppenheim)* 

^  Norton  und  Oppenheim,  Ber.  I>utsch.  Chem.  Qea,  i,  70 L 
*  Bmndes,  ZtiUch.  Chcnw  16tJ«,  454* 

■  Efiiweriing  and  Oppenlu^ira,  Bt^r,  OeiUsch,  Cktnu  Gts,  ix,  104)7. 
^  Cunrod,  Ann,  Ch^m,  Pkarm*  clxxxvL  22^. 
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SUCCINIC  ACID,  C,HJCO^)^ 

583  In  his  work,  De  Natura  Fomlium,  published  in  15i>0, 
Agricola  states  that  on  the  distillation  of  amber,  which  he  considers 
to  be  an  earthj  resin,  a  saline  substance  is  formed  together  witb 
other  bodies.  Libaviiis,  in  his  Akhymia  (1595),  also  menticms 
this  body :- — '*  Fi-cs  mccini  :  mislU  silicibuSy  i(ptritn}>J4sqti^.  hnmidis 
abstrndis  Jim  ekvafur.'*  ^  In  the  same  place  he  also  describes  a 
preparation  of  amber  oiL  He  says : — **  Summi  aUmbic  ml  cry^* 
ialli  instar  adhaeret/* 

The  early  accounts  respecting  tbe  salts  of  amber,  or  flowers 
of  amber  as  it  was  called,  were,  however,  very  contradictory. 
Obtained  from  amber  by  means  of  heat,  it  was  believed  to  be  a 
volatile  lye-salt ;  others  considered  it  to  be  a  body  composed 
chiefly  of  sulphur.  Lemery  was  the  first  to  indicate  its  true 
nature.  In  his  Cours  de  Chimu  (1679),  ho  says  * :  "  tPay  rtcottnu 
que  ce  scl  etoit  (icidt^  el  semMahle  c)  cehti/  ffes  plantm,  q'uon  appette 
iSBetUkL**  Other  chemists  also  indicated  the  acid  nature  of  this 
body,  but  the  idea  that  it  was  a  substance  similar  to  the 
vegetable  acids  was  rejected  by  many,  and  it  was  believed  to 
contain  either  sulphuric  acid  or  hydrochloric  acid.  Some  held, 
according  to  Pott,  that  the  acid  of  amber-salt  is  nitric  acid,  but 
he  showed  *  tfjat  this  view  is  incorrect,  and  that  succinic  acid  ia 
a  peculiar  substance  which  most  closely  resembles  the  vegetable 
acids.  This  was  confirmed  by  Stockar  von  Neufom's  careful 
investigation,  Disscrtaiio  de  Succino,  published  in  1760,  and 
from  this  time  forward  succinic  acid  was  considered  as  one  of 
the  proximate  constituents  of  amber,  and  Bergmann,  in  1782, 
in  his  tSdagraphia,  defined  it  as  petroleum  acido  mt<:€im  ctdainanr 
turn.     Its  composition  was  first  ascertained  by  Berzeliua. 

Succinic  acid  is  found  in  certain  lignites  and  fossil  wood,  as 
well  as  in  amber,  and  it  also  frequently  occurs  in  the  vegetable 


*  Lib.  ii.  tract,  ii,  c«p,  xK 

*  Frooeedin^  of  the  BerHfi  Aaadtmff^  1753. 
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kingdom,  Ita  existence  has  been  proved  in  the  lettuce  (Lacltica 
miipa^  and  L,  virom),  as  well  as  in  wormwood  (Artemisia-  afrnn^ 
m),  and  in  the  flowers  of  A.  inarUima,  and  otlier  warm- 
s' It  is  also  found  in  the  poppy  {Papaver  homui/erum),  in 
the  celandine  (Chelulimium  majus),  in  UschoUiia  califormca, 
and  probably  also  in  other  papavers.  Its  occurrence  in  unripe 
grapes/  whilst  dioxysuccinic  acid  or  tartaric  acid  is  couttuned 
in  the  ripe  fruit,  is  remarkable.  Succinic  acid  is  also  found 
in  the  animal  kingdom,  frequently  occurring  in  urine  and 
in  blood.  It  is  also  found  in  the  sacs  of  echinococci  (hydratids), 
in  the  tbymoid  gland  of  the  calf,  as  well  as  in  the  spleen  of 
the  ox. 

584  Succinic  acid  is  also  a  product  of  several  kinds  of  fermen- 
tations. Beissenhirtsj  long  ago  stated  that  it  is  formed  when  a 
mixture  of  bread,  honey,  carob  beans,  vinegar,  alcohol,  and 
wat«r  is  allowed  to  undergo  the  acetic  fermentation.^  The 
truth  of  this  statement  has  since  been  freijuently  denied,  but 
Dessaigoes  found  that  many  organic  acids  in  tlie  presence  of 
chalk  and  cheese  undergo  a  fermentation  in  which  succinic  acid 
is  formed.*  It  likewise  occurs  in  urine  collected  after  eating 
plants  containing  compounds,  such  as  asparagine,  malic  acid,  &c. 

It  is  to  Pasteur,  however,  that  we  owe  the  discovery  that  suc- 
cinic acid  is  an  essential  product  of  both  alcoholic  and  acetic 
fennentadons,  and  that  it  is  contained  in  wine,  beer,  and  \anegar. 

Succinic  acid  is  also  formed  when  nitric  acid  acts  upon  such 
bodies  as  the  fatty  acids  containing  four  or  more  at^ims  of  carbon. 
Butyric  acid  *  yields,  however,  but  little,  and  is  chictly  oxidized 
to  water  and  carbon  dioxide.  Caproic  acid,  on  the  other  hand, 
gives  a  larger  yield,  acetic  acid  being  formed  at  the  ?ame  time, 
about  half  the  theoretical  quantity  being  obtained.^  The  higher 
fatty  acids  and  the  fats  give  homologues  of  succinic  acid,  and 
these  then  undergo  further  oxidation^  Other  derivatives  of  the 
paraffins  and,  ijideed,  these  themselves,**  are  oxidized  by  nitric 
acidi  with  formation  of  succinic  acid. 

Succinic  acid  was  first  synthetically  prepared  by  Maxwell 
Simpson/  from  ethylene,  by  heating  the  bromide  with  potassium 
cyanide,  when  succinonitril,  C2U^(CN)^  is  protluced,  and  this 
yields  the  acid  when  heated  with  a  mineral  acid  or  with  caustic 

net  unci  Bnifv1enbnrg»  5er.  Ikuisch,  Chem,  Gt*.  ix.  982. 
n.  Jahrb  inn,  1S8.  >  Afm,  Chim*  Fh^8,  [8],  xxv.  25a 

'      '  XXX.  350. 

lli,  Jnn,  Chem,  Pharm.  dxxx.  207. 

i.,  ..-,....,  -.,  .  w >..,  -14.  7  p^.  /2ay.  i^txr,  X.  574. 
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potash.      Geuther^  obtained  it  at  the  same  time,  and  V"^* 
similar  method,   from  ethylene    chloride.     It  is  singular  th^^ 
succinic  acid  can  also  be  prepared  wlien,  instead  of  the  latter  con^^ 
pound,  its  isomeride  ethidene  chloride,  CH^.CHClj,  is  employed^ 
In   this  case,  however,  the   formation   of  the   nitril  does  not 
occur  until  the  tera|x?rature  of  150"  is  reached,  and  hence  we 
may  assume  that  chlorethylene  and  hy^lrocyanic  acid  are  first 
formed,  and  these  unite  in  the  nascent  state  to  form  chlor- 
ethylene   cyanide,   CH^CLCH^CN,   which   is    converted    into 
succinonitril  by  the  potassium  cyanide. 

Noldecke  obtained  succinic  acid  by  treating  the  product  of 
the  action  of  sodium  on  ethyl  acetate  with  ethyl  cbloracetate. 
and  decomposing  the  substance  thus  obtained  by  caustic  sod; 
In  accordance  with  the  \aews  which  were  then  prevalent  (see  p 
170),  he  believed  that  the  chloracetate  united  with  the  hypothe- 
tical body  sodacetic  ether  to  form  ethyl  succinate  which  -waa 
then  decomf)osed  by  caustic  soda.*  Later  investigations  have, 
however,  shown  that  the  etliyl  ether  of  acetosuccinic  acid  m 
first  produced,  having  the  following  constitution : 

CH,.co.caco^.aH, 

CH,.C0,.C2H^. 

It  is  a  faintly  ethereal  smelling  liquid,  which  is  converted  by 
the  action  of  strong  alkalis  into  acetic  acid,  alcohol,  and  succinic 
acid. 

Succinic  acid  is  also  formed  by  heating  /9-iodopropioaic  acid 
with  potassium  cyanide.  The  ^-cyanoprupiouic  acid  thus 
obtained  is  boiled  with  caustic  potash.*  It  is  likewise  formed, 
though  with  difficulty,  and  in  smaller  quantity,  when  bromacetic 
acid  is  heated  with  molecular  silver.^ 


CO.OH 

I 
CH,Br 

CH3r 

I 
CO.OH 


CO.OH 

CH, 


4-     2Ag     =      1 


CH. 

I 
CO.OH 


2AgBr. 


^  Anfi,  Chem,  Fharm,  czx.  268. 

^  SimpwMi,  ib,  cxlv.  878  ;  Compteg  Jlmd,  Irr.  3^1 ;  MuKIbntisen  md.  Erlen* 
meyer,  A  cxlv,  365.  *  Ann.  Vh^m  Fharm.  cxliJU  224. 

*  Ricliter,  Zeilfch.  Chtm,  1868,  449. 

•  Steiiier,  BcT.  Bmi^h.  Chem,  Oes,  vii,  184, 
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SS5  Succinic    acid   is  prepared   by  the   dry   distillation   of 

^Ta\>er,  when,  in  addition  to  this  body,  amber-oil  and  amber- 

^siti   are  obtained,  the  latter  remaining   in  the  retort.      All 

^^ese  products  find  employment  in  the  arts  (see  Amber),     The 

^H  is  found  in  the  distillate,  partly  in  the  solid  form,  and 

ps-rtly  in  aqueous  solution.     The  distillate  is  'warmed,  filtered 

W  through  a  moist  filter,  and  evaporated  to  crystallization. 

On  cooling,  a  yellow-coloured  crystalline  mass  is  obtained  which 

cannot  be  perfectly  freed  from  empyreumatic  oil  by  recrystalli- 

zation.     This,  however,  may  be  effected  by  boiling  with  mtric 

add  of  specific  gravity  1'32. 

Succinic  acid  is  also  easily  prepared  by  the  fermentation  of 
crude  calcium  malate  prepared  from  the  berries  of  the  mountain- 
ash  (p.  198).  According  to  Lie  big,  4  parta  of  the  malate  are 
mixed  with  24  parts  of  water  and  1  part  of  common  yeast,  and 
the  mixtvire  allowed  to  ferment  in  a  tolerably  warm  place. 
Another  process  is  to  take  only  half  the  above  quantity  of 
water,  to  heat  it,  and  to  add  ^  part  of  rancid  cheese  to  1  part 
of  caicium  salt.^  According  to  Kohl,  the  yield  depends  upon 
the  nature  and  quantity  of  the  ferment,  as  well  as  on  the  temper- 
ature at  which  the  fermentation  takes  place  *  If  this  goes  on 
too  quickly,  and  if  the  temperature  rise  above  30"*,  either  a 
sniall  or  no  yield  of  succinic  acid  is  obtained,  butyric  acid  and 
other  products  being  formed.  This  is  due  to  the  presence  of 
foreign  ferments,  for  it  has  been  shown  by  Fitz,  that  if  small 
rod-like  schizomycetes  be  added  in  place  of  yeast  or^  decom- 
podug  cheese,  the  theoretical  yield  of  acetic  and  succinic 
acids  is  obtained,* 

Malic  acid  is  oxysuccinic  acid,  and  is  decomposed  by  th© 
Bacillus  as  follows : 

'  C.H^Oft  +  H^O  -  C,H,0,  +  2C0,  +  2H,, 

whilst  the  hydrogen  which  is  liberated  reduces  another  part 
of  the  malic  acid  to  succinic  acid : 

Succinic  acid  may  also  be  prepared  by  the  fermentation  of 
tartaric  acid.  The  best  yield  (about  25  per  cent,  of  the  tartaric 
acid  used)  is  obtained  as  follows.  A  solution  of  2  kg.  of  tartaric 
acid  is  neutralized  with  ammonia  and  diluted  to  40  liters,  and 

1  Ann,  Chcm>  Fharm,  bcx.  104  und  863, 
*  Amh.  Pharm,  cxxxiv,  257  ;  cxliii,  12. 
»  Btr,  Dcttisch,  Chan,  Gc^.  xi,  1890 ;  xii.  481. 
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20  grama  of  jwtassium  phosphate,  10  grama  of  magnesium  sul- 
phate, and  a  few  grams  of  calcium  chloride  added.  A  small. 
quantity  of  this  liquid  is  diluted  to  five  times  its  volume,  and 
allowed  to  stand.  After  a  few  days  this  becomes  turbid  and 
8warms  with  bacteria,  and  about  20  ec»  of  it  are  added  to_  the 
principal  solution,  and  this  kept  at  a  temperature  between  25** 
and  30**,  air  being  excluded  as  much  as  possible.  After  six  to 
eight  weeks  the  tartaric  acid  has  disappeared*  The  liquid  is 
heated  until  the  ammonium  carbonate  formed  has  all  volatilized. 
clarified  with  white  of  egg,  and  boiled  with  milk  of  lime  until 
no  more  ammonia  is  given  off ^ 

The  acid  is  obtained  from  the  slightly  soluble  calcium  salt  by 
decomposing  with  sulphuric  acid.  It  crystallizes  in  monocUnic 
tables  or  prisms,  whidi  have  a  faintly  acid  taste,  are  soluble  in 
17  parts  of  water  at  17',  and  0^83  part  at  100^  and  melt  at  180^ 
The  fused  acid  begins  to  boil  at  2^5'' ,  decomposing  to  a  con- 
siderable extent  into  water  and  the  anhydride.  Succinic  acid  is 
a  very  stable  body,  being  but  slightly  acted  on  by  oxidizing  agents 
even  when  heated.  Its  aqueous  solution,  when  exposed  to 
sunlight  in  presence  of  a  uranic  salt  decomposes  into  propionic 
acid  Jiud  carbon  dioxide.*  When  an  aqueous  solution  of  sodium 
succinate  is  electrolyzed,  hydrogen  is  obtained  at  the  negative-, 
and  a  mixture  of  carbon  dioxide  and  ethylene  at  the  jxisitive- 
pole.  Oxygen  is  also  found  mixed  with  the  two  latter  gases,  and 
as  the  operation  proceeds,  more  and  more  of  this  g&s  is  formed 
until  at  last  it  alone  is  evolved.* 


The  Succinates. 

586  The  normal  salts  of  the  alkali  metals  and  of  magnesium, 
manganese,  and  nickel  are  easily  soluble  in  water,  those  of  tho 
other  metals  are  almost  all  sparingly  soluble  or  insoluble.  Of 
these,  which  have  been  chiefly  investigated  by  Dopping/ 
Feliling,^  and  Ilandl,^  the  following  may  be  mentioned : 

Ammmimm  Succiriate,  C^H^O^(NH^)g,  can  only  be  obtained  in 
the  pure  stiite  when  its  aqueous  solution  is  evaporated  in  an 
atnjosphere  of  ammonia.  It  is  deposited  in  transparent  six-sided 
prisms,  which  lose  ammonia  on  exposure  to  air.     It  is  employed 

'  Koniji,  Ber.  DmlacK  Cham.  Q^a,  iv.  172. 

*  Si'uknrnp,  Ann^  Chem.  Pharm,  t%%%m^  253. 

*  Kt'kiilt',  ih,  cxxxi,  7J».    St*o  also  Bourgoiu,  Ann,  Chim,  Fhpn,  f4],  xiv*  X57. 

*  Ann,  Chem,  Phann.  x\ril  25S,  »  IK  xliJL  158. 
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^     quantitative  analysis  for  the   separation  of  iron  and  man* 
S^^ese,  and  has  been  used  niedicinall3\ 

If  a  neutnil  solution  of   the  salt  be  evaporated  in  the  air, 
^\ien  a  certain  concentration   is  reached  tritdinic  prisms  are 
^l>tained,    which   consist   of    tlic    acid    amoionium    succinate, 
C^H,0,(NHJ1L 

Calcium  Succifiaie^  C^H^O^Ca,  is  a  very  characteristic  salt  of 
succinic  acid  If  boiling  solutions  of  sodium  succinate  and 
calcium  chloride  be  mixed,  fine  needles  of  this  salt  quickly 
separate  out,  containiuj^  one  molecule  of  water  of  crystallization, 
and  if  they  are  allowed  to  remain  in  contact  with  the  liquid  they 
take  up  two  molecules  more  of  water.  Tliis  latter  compound  is 
ftlso  obtained  when  the  above  solutions  are  mixed  in  the  cold. 
After  some  time,  needles,  which  gradually  become  thicker  and 
harder,  are  deposited.  Calcium  succinate  occurs  in  the  bark 
of  the  mulberry  tree  (Mortia  allia)  ;  ^  it  is  slightly  soluble  in 
ipc^ter  and  acetic  acid,  more  readdy  in  a  solution  of  snccinic 
acid,  and  very  easily  in  nitric  acid.  From  the  latter  solution 
the  acid  salt,  (C^H^OJ^CaH^j,  is  obtained  on  evaporation.  This 
is  also  formed  when  calcium  carbonate  is  treated  with  a  warm 
solution  of  succinic  acid.  It  crystallizes  in  trans>prjTent  prisms 
and  is  decomposed  by  water  and  hot  alcohol  with  formation  of 
the  normal  salt 

Barium  Succinate,  C^H^O^Ba,  is  less  soluble  than  the  calcium 
salt.  It  is  a  crystalline  precipitate  consisting  of  microscopic 
tables  or  prisms.  It  dissolves  in  about  250  jmrts  of  cold  water 
ami  is  not  much  more  soluble  in  aqueous  succinic  acid,  though 
it  is  tolerably  soluble  in  acetic  acid. 

k  Silver  Sii^ciTiate,  C^Rfl^Ag^,  is  a  heavy  white  precipitate 
slightly  soluble  in  water  and  acetic  acid,  but  easily  soluble  in 
oitric  acid  and  ammonia. 

Ferric  Succinate,  When  feiTic  chloride  is  added  to  a  solution 
ot  a  succinate  a  gelatinous  prueipiLate  is  obtained,  which  is  at 
first  yellow  and  becomes  darker  on  standing.  This  consists  of 
the  basic  salt,  (C^H^0J2F^2(^K)2-  After  drying  it  forms  a 
brick-red  powder  and  when  dried  at  180°  loses  one  molecule  of 
water.  The  precipitate  is  somewhat  soluble  in  cold  water  and 
almost  insoluble  in  boiling  water,*  but  dissolves  in  an  excess  of 
ferric  chloride  and  easily  in  acids.  At  its  formation  free  succinic 
add  is  produced,  and  for  this  reason,  when  it  is  desired  to  preci- 

*  Ooldschmidt,  MonnUh,  Ch/'m.  iii.  136. 

*  S,  VonDj^  J(rum,  Cliem.  Sue,  1880,  t  67i. 
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pitate  it  completely  from  its  solution,  an  ejtceas  of  ferric  chIoricl6 

must  be  added  and  the  liquid  neutralized  by  ammonia.  This 
compound  is  easily  decomposed  by  boiling  "^ith  ammonia. 

If  a  solution  of  a  succinate  contains  sodium  acetate,  ferric 
chloride  produces  a  bright  red  precipitate,  which  can  be  easily 
washed  by  alc<jbul,  but  becomes  gelatinous  when  brought  in 
cont4ict  with  water. 

Ammonia  decomposes  these  precipitates.  If  the  filtrate  be 
then  treated  with  barium  chloride,  and  alcohol  addeil,  a  crystAl- 
line  precipitate  of  barium  succinate  is  obtained.  These  reactions 
are  used  for  the  detection  of  succinic  acid  and  its  separation 
from  other  acids. 


ETHEREAL  SALTS  OF  SUCCINIC  ACID. 

587  "With  the  exception  of  the  ethyl  salts,  the  normal  succi- 
nates are  alone  known. 

Methyl  Snccimdc,  Cfifi^(C^H^^,  is  obtained  by  passing 
hydrochloric  acid  gjis  into  a  warm  solution  of  succinic  acid  ia 
methyl  alcohol  It  is  a  crystalline  mass  melting  at  20"  and 
boiling  at  108'',  and  yields  a  vapour  having  a  specific  gravity 
of  5'2f). 

A  ad  Ethjl  Succinate,  or  Ethyl  Succinic  Acid,  CJl^(COfifi^) 
COjH,  is  formed  by  heating  succinic  anhydri<]e  with  alcohol, 
and  its  barium  salt  is  obtained  when  the  noiinal  ether  is  heated 
with  tlie  rec|ui&ite  quantity  of  baryta  water.  The  free  acid 
obtained  from  this  is  an  easily  soluble  odourless  syrup,  which 
can  be  distilled  ^^thout  undergoing  decomposition. 

Most  of  the  ethyl  succinates  itre  suluhle  in  water  and  alcohoL 
A  few  crystallize  and  others  form  amorphous  masses,^ 

2^ornial  Ethyl  Succiiiatc,  C^n^{COfi^K^)^.  This  body  was 
first  prepared  in  1835,  by  Darcet,  by  disttlling  a  mixture  of 
concentrated  hydrochloric  acid,  succinic  acid  and  alcohol.^ 

Cahours  prepared  this  ether  by  passing  liydrochloric  acid  gad 
int«3  a  solution  of  succinic  anhydride  in  absolute  alcohol/  and 
Fehling  obtained  it  by  passing  hydrochloric  acid  into  D5  percent, 
alcohol  containing  succinic  acid  in  solution  and  suspension/ 

It  is  an  oily  mobile  liquid  having  an  aromatic  smell  and  a 


*  Tlinntz,  Po<j^,  Ann.  criii,  70. 
^  lb,  [3],  ix,  206. 


*  Ann.  Chim.  Phya,  (2].  Ivlii.  291, 

*  Ann,  (JheifL,  Fharm.  ilix.  1S(J, 
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specific  gravity  of  1  07:2,      It  boils  at  217^  (Kopp),  and  the 
specific  gravity  of  its  vapour  is  6*2. 

As  early  as  1844  FelUing  investigated  the  action  of  pr»tassium 
on  this  etlier,  and  obtained  an  oily  iiqnid  having  tJie  empirical 
formula,  QHgO^.  This  body  when  boiled  with  caustic  potash 
yielded  alcohol  and  succinic  acid,  Geuthor  suggested  that  this 
substance  stands  in  the  same  relation  to  etbyl  succinate  as  liis 
ethyl  diacetic  acid  does  t<3  ethyl  acetate,  and  the  truth  of  tlie 
kypotliesia  was  shown  by  Hermann,^  who  proved  this  dhyl 
mccinyl'Sttcchiatc  to  have  the  following  coustitutioa  : 


CH,.C0.CH.C0,.C,H5 
CO.CH.COj,C^H,, 


CHj. 


In  order  to  prepare  this  body,  potassium  is  gradually  added  to 

ethyl  succinate,  when  a  violent  evolution  of  hydrogen  occurs,  and  a 

reddish-brown  gummy  mass  remains.     This  is  then  treated  with 

2  to  3  times  ita  volume  of  benzene  and  more  potassium  added 

until  1  part  of  the  metal  has  been  employed  to  every  6  parts  of 

^tho  ether.     The  product  having  been  freed   from  benzene  aa 

completely  as  possible  by  means  of  the  filter-pump,  it  is  decom- 

.  posed  with  very  dilute  hydochloric  aeid»  and  the  buttery  mass 

'thus  obtained   pressed  between    filter-piiper,  washed  with  cold 

alcohol,  and  recrystallized  from  hot  alcohol,  then  again  washed 

with  water  and  crysttdlized  from  ether. 

Sodium  acts  similarly  on  ethyl  succinate  but  less  energetically 
and  much  more  slowly  than  potassium,  but  may  nevertheless  be 
used  for  the  preparation  of  the  ether.* 

Ethyl  succinyl-succinate  forms  tricliuic  tables  or  prisms,  having 
a  light  green  colour,  and  when  dissolved  in  alcohol,  ether,  or 
benzene,  gives  a  solution  possessing  a  splendid  blue  fluorescence. 
The  crystals  melt  at  127°,  Alcoholic  potjish  produces  in  an  alco- 
holic solution  of  this  body,  a  white  precipitate  of  the  compound, 
Cj.H^5K0^  which  yields  with  an  excess  of  potash  a  splendid 
orange  colourecl  compound,  having  the  composition  Ci^Hj^KgO^ 
the  aqueous  solution  of  wldch  has  a  yellow  colour.  This  solution 
easily  decomposes,  but  when  freshly  prepared  yields  with  mag- 
nesium salts  a  purple  coloured  precipitate  of  the  composition 
Cj^HjiMgO^+SH^O,  a  body  which  at  80'  loses  water  and  be- 
couies  yellow.     The  disodium  compound^  C^^^i^Na^Og -f  ^HjjO, 


*  Brr,  Di^HhrK  Chem.  Gen.  rilL  103»  ;  3t.  107  ond  U6, 

*  iienuAUJi.  Lkh.  Ann.  ccxi.  306. 
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is  deposited  in  fine  red  microscopic  needles  j  tlie  calcium  salt, 
CijHj^CaO^  +  H^O,  is  obtained  as  a  yelJow  precipitate. 

The  yellow  potash  solution  soon  decomposes  out  of  contact 
with  the  air,  forming  of  the  monethyl  other : 

CH„.CO.CaCOOH 

!  I 

CH2.C0.CH.C00C,H,, 

This  compound  is  very  difficultly  soluble  in  water  and  forms 
a  greyish  white  powder,  having  a  slight  acid  reaction.  It  melts 
at  08"*  forming  carbon  dioxide  and  the  ethyl  ether  of  succinyl 
propionic  acid,  which  has  the  following  composition : 

CH,.CO.CH, 
CHj.CO.CH.CO.O.C2H5. 

This  is  an  oily  liquid  having  a  bitter  taste  and  giving  a 
violet  colour  with  ferric  chloride.  In  presence  of  air,  the 
alkaline  solution  undergoes  other  changes,  and  botUes  belonging 
to  the  aromatic  series  are  formed,  such,  for  example,  as  livtlrt»- 
quinone-dicarboxylic  acid,  C^H2(OH)2(COjII)j. 

Acid     Ethykiu.      Sitc^inatc,     or     Ethyhne    Sucmnw     Arid, 

^3^*\0H°'^''"'  *"'°'^*  *^  ^*^™^^  ^y  heating  ethylene  glycol 
with  succinic  acid.  It  is  a  colourless  liquid  which  at  300°  loses 
water,  forming  etkyleiie  miccinate,  C^^(G0^J2.^^.  This  body 
is  Boliible  in  water  and  is  deposited  from  hot  alcohol  in  small 
crystals  which  melt  at  90^* 

Ethyl  Lado-miccinate,  C^H^i^p.-.'  (iHfCH  "iCO  C  H  *^^ f'^^^^^d 

when  an  alcoholic  solution  of  potassium  ethyl  succinate  is  heated 
with  ethyl  a-chlorpropionate.  It  is  an  oily  liquid,  having  at  0** 
a  sperific  gravity  of  1*119,  and  boiling  at  280^  It  is  decom- 
posed by  caustic  pot^isli  into  alcohol,  succinic  aci<l,  and  lactic 
acid.* 

Eihyl  8r.cin..lacialc.  ^'.^.(^^'^^^^^^^^^  '^  for 

by  the  action  of  succinyl  chloride  on  ethyl  lactate,  and  is  an 

oily   liquid   which    boils    with    shght    decomposition    at   300'' 

— 304^ 

>  Lotit^^ni^),  Ann,  Ckem.  Pharm.  cxv.  35S, 

'  Frii^del  AQd  WtirU,  An%.  Chtm.  Phys.  [3],  IxiiU  120. 

•  WUlicenu*.  Ann,  Chem,  Pharm.  cxxxnl  202. 
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$BB  Suednf/l  Oride,  or  Su4;dnic  Anhydride,  {CIU,CO)fi,  It  has 
already  been  stated  that  succinic  acid  decomposes  on  distillation 
into  tliis  componnd  and  water.  The  pro<lucts,  however,  again 
partially  unite  on  cooling.  The  addition  of  phosphorus  pent- 
oxide  prevents  this  reunion.^  It  is  also  formed  by  heating  the 
add  Hith  phosphorus  pentacbloride  in  the  prufjortion  of  ec^ual 
molecules :  * 


CH^.CO.OH  CH^^COx 

I  +Pa,=  I  0  4^  2HCI -h  POCV 

CH,.CO.OH  CH^.CO/ 

It  is,  however,  most  easily  obtained  by  distilling  equal  raole- 
coles  of  succinic  acid  and  succinyl  chloride.^  It  crystfUHze^ 
from  hot  alcohol  in  long  needles,  melting  at  US*'  and  boiling 
at  250°. 

Sticcinyl  Cldoride,  C,,H/C0C1)2,  is  foTmed  when  succinic  acid  \s 
heated  uith  2  molecules  of  phosphorus  pentjicl  Joride  (Oerhardfe 
and  Chiozza).  It  is  a  highly  refracting  liquid  and  possesses  a 
penetrating  odour.  It  boils  at  100**  with  slight  decomposition  and 
solidifies  at  0**  to  tabular  crystals.     Its  specific  gravity  is  1  "30. 

By  the  a<*tion  of  zinc  ethyl  on  succinyl  eldoride  dkthyl  sucmnyl 
or  dUthyl  fthykiie  ketone,  QJlJ^CO,QJi.^.n  is  praduced.  This  is 
a  liquid  insoluble  in  water,  which  forms  crystalline  compounds 
with  the  sulphites  of  the  alkaUue  metals  and  is  decomposed  by 
heat.* 


SULPHUR  COMPOUNDS  OF  SUCCINYL, 

589  fliiosttccime  Aeid,  C^^{CO.SWj^,  This  substance  is  not 
known  in  the  free  state,  but  its  potassium  compoiUKl  is  formed 
when  phenyl  succinate,  a  bcHly  which  will  be  described  under 
Benzene,  is  warmed  with  an  alcoholic  solution  of  potassium 
hydrosulphide: 

C*».  {  8o;Sc:h:  +  2HSK  =  C,H.  {  gO|]^  +  2HO.C,H, 

It  is  very  soluble  in  water  and  crystallizes  in  white  needles. 
Hydrochloric  acid  decomposes  it  with  evolution  of  sulphuretted 

»  Parent,  Jnn.  Chim,  Phijs.  [2],  Iviii.  282, 

^  Gr rlinrdt  atul  Chiozza,  Ann,  Vhem,  Pf^arn^  IjutxriL  290. 

»  MuUfT,  Jmim,  PrakL  ChenL  [2],  xxiu  193> 

•  Wischiii,  Ann,  Ohtm,  Pharm.  cJtliii,  2<J2. 


liydrogen  and  fonnation  of  succinyl  sulpliide^  CjH^(CO)^, 
body  crystaJlizing  in  a  radiating  cn'stalline   mass,  soluble  ^ 
water  and  alcohol,  having  an  acid  reaction,  and  melting  at  31     ' 
Its  solution  gives  precipitates  with  many  metallic  salts.^ 

Sid2)}imO'Sucehuc  Add,  C^HgfSOgHjCCO^H)^.  This  strong 
tinbasic  acid  was  obtained  by  Fehiing  ^  hy  passing  the  vapour  of 
sulphur  trioxide  over  succinic  acid.  Ho  termed  it  Fuodwh 
mlj^huroiis  and,  a  name  which  was  afterwards  changed  to  succitKh 
sulphuric  twuL  The  product  of  the  reaction  is  a  brown  tenacioua 
mass.  This  is  warmed  for  some  time  to  40* — 50"*  aod  then 
diluted  with  water^  when  on  the  addition  of  barium  carbonate 
or  white-lead  the  excess  of  sulphuric  acid  is  removed,  and  the 
filtrate  allowed  to  evaporate  in  a  vacuum.  The  syrupy  liquid 
which  remains  slowly  deposits  warty  crystals,  which  contain 
2  molecules  of  water  and  absorb  moisture  from  the  air. 

By  the  action  of  succinyl  choride  on  silver  sulphate   Carii: 
and  Kiiramerer  obtEuned  a  compound  which  on  decompositioii 
with  wati'r  yii^lded  succino-sulphnric  acid,  a  compound  whici 
they  believed  to  be  isomeric  with  sulphono-succinic  acid*^     The 
two  bodies  are,  however,  doubtless  identical 


NITROGEN   COMPOUNDS  OF  SUCCINYL 


toifl 

H 


5go  Succinumuh,  C3H^(CO.NH2)^,  is  fonned  when  ethyl  suc- 
cinate is  shaken  up  in  contact  with  aqueous  or  alcoholic  am- 
monia. Crystalline  needles  soon  si?parate  out.  Tlnese  are 
soluble  at  11)°  in  220,  and  at  100°  in  9  parts  of  water,  and 
are  almost  insoluble  in  absolute  alcohol  and  ether.  This 
compound  decomposes  when  melted.*  ^m 

Sucdiimidf.,  C.H^(CO).^KH.      This  body  was  obtained    bj^ 
Darcet  by  the  action  of  ammonia  on  succinic  anhydride,  and 
was  termed  sucinamide.^    Fehiing  found  later  on  that  it  is  als 
formed  when  ammonia  is  passetl  over  fused  succinic  acid  or  whei 
normal  ammonium  succinate  or  succinamide  is  heated  to  200*'i 
and  he  termed  it  bisuccinamide.    It  is  also  formed,  together  with^ 
platinum  ammonium  chloride,  when  an  aqueous  solution  of  succi- 
namide is  heated  with  platinic  chloride.^     Its  present  name  was 


Isq^ 


»  WeselsTcy.  Bfr.  Deutsch.  Chfm.  Gcs.  iL  518. 
■  Ann.  ChfM,  Pharm.  xxxviu.  285. 

*  Fehlinj?,  ih.  jclix.  l&G.  •  Ann.  Chim, 

•  Ann.  Chem.  Pharm.  xUx.  108. 


3  Ih.  cxxxi  167, 
Phys,  [2],  IviU,  2D4. 
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^^en  to  it  by  Laurent  and  Gerhard t  who  subjected  it  to  further 
^'iinination.^  It  is  t<:>leniblj  soluble  in  Tvator  and  crystallizes  in 
^nsparent  rhombohedrans  or  tablets  which  contain  one  molecule 
^f  water  and  effloresce  on  exposure  to  air,  At  lOO**  it  becouLse 
^hydrous  and  then  melts  at  l^*^''— ^126^^  When  the  anhydrous 
Compound  is  dissolved  in  acetone  and  this  allowed  to  evaporate 
transparent  rhombic  pyramids  are  obtained  which  are  permanent 
in  the  air.^  It  boils  without  decomposition  at  288**,  but 
on    heating    with    alcoholic    ammonia    it    is    converted    into 

succinamide : 

CH2.CO.NH,. 
I     "       >NH    +    KH,    -      J 


CH3.CO 


.CO.NH,, 


Succinimirle  has  an  acid  reaction  and  contains  one  hydrogen 
atom  which  can  be  replaced  by  certain  metals. 

Silver  Snccinimide,  C2H^(CO)2NAg.  Siver  oxide  is  dissolved 
in  aqueous  succinimide  s<j|ution  and  the  hot  filtrate  deposits 
colourless  crystals  having  the  composition  SC^H^O^NAg-fH^O 
and  considered  by  Laurent  and  Gerhardt  to  be  silver  succinamate. 
They  lose  water  at  100*"*  The  anhydrous  compoimd  is  also 
formed  when  ammonia  and  silver  nitnite  are  allowed  to  act  on 
an  alcoholic  solution  of  the  imide.  It  crystallizes  in  prisms  and 
detonates  on  heating  whilst  the  hydrated  compound  decomposes 
quietly.  When  added  to  a  s^dutiou  of  iodine  in  absolute  alcoliol 
iodo-succinimide,  C2H^(CO)2NI,  is  formed,  a  body  crystallizing 
in  hard  quadratic  prisms,  easily  soluble  in  water,  less  so  in 
alcohol,  and  decorapjses  readily  in  solution  (Bunge)» 

Mercury  Succinimide,  [G^,H^(CO)^N]gHg, is  formed  by  dissolv- 
ing  mercuric  oxide  in  hot  aqueous  succinimide.  It  is  very 
soluble  in  water,  somewhat  less  so  ia  alcohol,  and  crystalUzes  in 
long  silky  needles,* 

5gi  Succi?iamic  Acid,  C^H^  ]  PO  OH^*  ^^  formed  by  the  action 

bases  and  water  on  succinimide.*  In  onlcr  to  prepare  it 
soIuttODS  of  baryta  and  succinimide  are  warmed,  when  barium 
sacciiiamate  is  deposited  in  white  silky  needles.  The  acid, 
which  is  set  free  by  sulphnric  acid>  is  easily  soluble  in  water, 

»  C(mp(*  Mend.  C7nm,  1847,  2J>1. 

•  Erkniraeycr,  Zrifrch,  Chem,  1S4J>,  174. 

•  Bunge,  Ann,  Ch^^n.  PiMtrm,  SuppL  viL  117- 

*  AEfnJUihxitkm,  ib.  clxii.  165. 

*  Teacliert,  ih,  cxxxiv,  1^6  ;  MenachutVin,  loc.  cii. 
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crystallizes  in  large  rectangular  tables  whicli  have  a  pleas&Btl 
acid  taste  and  decomposes  at  about  300*"  into  siiecinimide  and 
water.      Its  salts  as  a  rule  cr}^stallize  M^ell  and  their  solntion 
decompose  on  boiling  'w^th  formation  of  ammonia^  a  decern-^ 
position   whicli  occurs   even   in    the   cold    when    free   alkaUd 
are  present. 

TrisvAxmoLmide,  (C^f^^^^,  is  formed  by  the  action  of  silve 
succimmide  on  an  ethereal  solution  of  succinyl  chloride; 


r/CONn 


VC0.N<gg>C,H. 

It  crystallbes  in  small  prisms  or  tables  melting  at  83**  and  ilj 
decomposed  by  water  into  succinic  acid  and  succinimide.* 

Sucmicyanaviide,  C^A  cr)^fn\\H*     ^^^  potassium  com- 
pound of  this  is  obtained  by  the  action  of  potassium  cyanamideJ 
N(CN)HK,  on  ethyl  sucf^inate  and  the  sodium  conip<iuud  bj 
heating  suecinyl  chloride  with  sodium  cyanamide.    Silver  uitnit^ 
produces  a  white   precipitate   of  the   silver   comixumd,  C^ 
(CONAg.CN)^,  which  yields  the  pure  amide  on  decomposition 
with    sulphuretted    hydrogen.      This  is  soluble  in  water   and 
alcohol,  and  crystallizes  in   raonoclinic   prisms  containing  t^ 
molecules  of  water  which  they  readily  lose.     The  anhydrou 
compound  melts  at  104** — 105^ 

Succtnoifanimule,    C.>H^<^pq"^N.CN,  is  formed  by  the  actioi! 

of  cyanamide  on  an  ethereal  solution  of  miccinyl  chloride.     It 

deposits  in  large  crystals  insoluble  in  cold  water,  which  melt 
at  ISS""  with  decomposition  and  when  heated  with  cyanamide  it^ 
combines  to  form  the  foregoing  compound.  ^| 

formed   whea 


Succincyamic    Acid^   C^H^  \  CO  OH  ' 


IS 


suocincyammide  is  heated  with  water.  In  order  to  prepare 
succinic  anhydride  is  dissolved  in  a  cold  aqueous  solution 
caustic  potsish  and  of  cyanamide : 

t/CN 


.CO. 


,/ 


H 


/ 


C,H,<'     >0  +  N-CN  +  KOH  -  C,H,. 


CO.N 


\K 


^CO'  \K  CO.OK 

>  Otthardt  and  Cluoiza,  Aim,  Chim.  Fhyt.  [3],  zlvL  162. 
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The  potassium  suceincyamate  thus  obtained  ia  soluble  in  water 
but  not  in  alcohoh  and  it  crystallizes  in  rhombic  tables.  It 
forms  with  silver  nitrate  a  soluble  silver  compound,  from  which 
other  succincyamates  can  be  obtained  by  decomposition  with 
soluble  chlorides.  If  the  silver  salt  be  decomposed  by  sulphur- 
etted hydrogen  the  free  acid  is  obtained.  This  compound 
is  easily  soluble  in  water  and  alcohol,  possesses  a  sharp  saline 
and  acid  taste  and  crystiillizes  in  lancet-shaped  needles  or  tables 
which  melt  at  128°  and  decomp<:>se  at  a  higher  temperature. 
ltd  aqueous  solution  decomposes  easily  into  succinic  acid  and 
eyanamide  or  dicyanamide.  Its  salts  also  decompose  in  a 
Psiinilar  way.  but  less  rapidly. 

When  silver  nitrate  is  added   to  a   concentrated  solution 
of  the  acid,  oily  drops  separate   out   and    these   soon   soUdify 
to  small   rhombic  prisms   of    the   acid   silver    suceincyamate, 
p  „  f  CO.N(CxV;Ag> 
'"«^*  i  CO.OH 

59a  SticdnonUril  or  Ethylene  Cyanide,  CaH^CCN)^,  is  obtained 
by  heating  ethylene  bromide  with  potassium  cyanide  and 
alcohol  *  and  is  also  formed  in  the  electrolysis  of  cyanacetic  acid 
(see   p.    159).     It  forms  a  whit-e  amorphous  mass,  soluble  in 

iter  and  alcohol,  melting  at  54"  5  and   may,  under  diminished 
re.  be   distilled  without  decomposition.     WTien   heated 
ith    cjiustic    potash,  hydrochloric    acid,  or    nitric    acid,  it   is 
Dnverted  into  succinic  acid. 

fi'C^anpropioniC  Add,  Q^^iC'S)CO^,  was  obtained  by  von 
iichter  on  hoihng  ^-iodopropionic  acid  with  potassium  cyanide 
solution-  He  did  not,  however,  obtain  it  in  the  pure  state, 
and  only  noticed  tluit  the  potassium  salt  thus  obtained  does 
not  crystaili2e  and  tliat  it  is  converted  into  potixssium  succinate 
on  boiling  witli  caustic  potash.' 

An  acid  of  the  same  composition  was  obtained  by  Cooper 
and  Wanklyn  by  heating  woollen  yarn  with  an  alkidine  solution 
of  potassium  permanganate.  It  is  an  amorphous  yellow  mass 
which  softens  at  100°  and  at  HO"*  becomes  anhydrous,  decom- 
posing at  a  higher  temperature.  It  is  easily  soluble  in  water 
and  alcohol,  has  a  strongly  acid  reaction  and  forms  amorphous 
salts,  most  of  wliich  are  soluble  in  water  but  not  in  alcohol. 
When  heated  with  caustic  potash  to  200^—220",  oxahc  acid  and 

»  Mulli^r,  Joar^,  FrakL  Ch^m.  [2],  xxii.  193. 

^  Maxtt'tftl  Sini|»son,  Pn>c,  Kuy,  Soc.  x.  674  ;  Kevolc  and  Tsdicrakk,  Bull,  Soc^ 
Chim,  [2],  XIX.  lOSauil  161. 
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ethylainme  are  obtained  but  no  succinic  acid*     For  this  reasoi 
Cooper  and  Wanklyn  termed  it  isocyanpropiomc  acid.^   Furthe»^  ^ 
investigation  is  required  in  order  to  determine  the  constitutioi 
of  tbis  body. 


SUBSTITUTION  PRODUCTS  OF  SUCCINIC  ACID, 

593  Monohrmnmiccinic  Acid,  C.^Tl^BT(CO.^W)^f  was  obtained 
by  Kekule  by  beating  succinic  acid  witb  %vater  and  bromine  * 
According  to  Carius  it  is  best  obtained  by  heating  5  grams  of 
succinic  acid,  2*5  cbc.  of  bromine  and  40  cbc.  water  slowly  to  120^' 
It  forms  small  colourless  oct-oliL'dral  crystjds  or  crusts  which 
melt  at  159** — 160"  undergoing  loss  of  liydrobromic  acid.  It  is 
soluble  in  5  part^  of  water  at  15°.  This  compound  is  more 
readily  obtained  by  the  union  of  hydrobrumic  acid  with  fumaric 
or  maleic  acid  (p.  210). 

Dihrotniuccimc  Acid,  {OWl^x),ri(^0,OW}^,  was  obtained  by 
Perkin  and  Duppa  by  heating  et[ual  volumes  of  succinyl  chloride 
and  bromine  at  120*" — 130''  and  decomix>sing  with  water  the  di- 
bromsuccinyl  chloride,  C2H^Br2(COCl)2,  thus  produced.'*  Kekulj 
also  prepared  it  by  heating  12  grams  uf  succinic  acid  with  11  cc  ■ 
of  bromine  and  12  cc.  of  water  at  150" — 180°.*  When  one  mole- 
cule of  etliyl  succinate  is  heated  witli  two  molecule^s  of  broinine 
at  ISO"* — 140^  etliyl  bromide  is  obtained  together  witb  a  small 
quantity  of  succinic  acid,  a  large  quantity  of  monobromsuccinioB 
acid,  and  a  somewhat  smaller  quantity  of  dibromsuccinic  acid, 
which  two  latter  may  easily  be  separated  by  recrystallization.* 
Dibromsuccimc  acid  forma  large  glistening  crystals  difficultly 
soluble  in  cold  water,  and  decomposing  at  200°  with  formation 
of  hydrobromic  acitl,  and  brom-maleic  acid. 

Other  substitution  products  of  succinic   acid   will   be 
sidered  under  fumaric  and  maleic  acids, 

»  Phil  Man.  [5\  vii.  35S. 

2  Ann,  Chniu  Phann,  cxvii.  125 ;  txxr*  21  ;  Suppl  L  120. 

'  J7m.  Chfm,  Phami,  cxx.  6, 

<  QtmH.  Jmirti,  CketfU  Si>c.  xiii.  102. 

*  Jnn.  Chfm.  Pharm.  cxvii.  120 ;  iiuppl,  I  851.  See  «1iO  Boni^in,  BuJL 
diem.  Kin,  U8. 

•  SchAclMsrl,  IkK  ZkitUiefu  Chcm,  Qcs.  xiv.  637* 
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594  homccinic  Acid  or  Methyl  Malonic  Acid,  C}l,^.CJiiCOJV)p 
'Was  fii-st  obtained  by  H.  Miiller  by  heating  the  ethyl  ether  of 
4i-chlorpropioaic  acid  with  potassium  cyanide  and  decomposing 
the  product  with  caustic  potash.^  He  considered  this  to  be 
common  sncciuic  acid,  but  Wichclhaus  showed  that  it  was  an 
isoraeride,^  It  was  then  further  examined  by  him  and  Eller,^ 
by  V.  Kichter,*  and  by  Byk.^  In  order  to  prepare  it,  one  part 
of  ethyl  a-chlorpropionate  is  gently  boiled  with  two  parts  of  pure 
potassium  cyanide  and  four  parts  of  wat^r,  until  the  ether  is 
dissolved,  the  whole  neutralised  with  sulphuric  acid  and  evap- 
orated to  dryness.  The  residue  is  strongly  acidified  and  ex* 
tracted  with  ether,  and  the  cyanpropionic  acid  thus  obtained 
boiled  with  potash.  Cyanpropionic  acid  may  be  advantageously 
prepared  from  brom propionic  acid,*^  Tlie  product  is  again 
acidified,  extracted  with  ether,  and  then  precipitated  with  lead 
acetate,  care  being  taken  not  to  use  an  excess,  as  lead  isosuc- 
cixkate  is  soluble  in  the  reagent,  but  only  slightly  so  in  acetic 
acid.  The  acid  obtained  from  the  lead  salt  forms  colourless 
crystals,  dissolving  in  five  parts  of  cold  water.  When  carefully 
heated  below  100°  between  watch  glasses  it  can  be  sublimed 
in  microscopic  tables.     At  a  higher  temperjiture  decomposition 

kes  phice.  It  melts  at  130°  and  decomposes,  when  more 
A*Ongly  heated,  into  carbon  dioxide  and  propionic  acid*  The 
salt-s  are  mostly  crystallizable,  are  more  soluble  than  those  of 
succinic  acid,  and  are  not  precipitated  by  ferric  chloride. 

Calcrium  Immi^cifuite,  C^H^O^Ca+H^O,  is  obttiined  ns  a  crystal- 
line precipitate  formed  at  once  in  hot  solution  and  gradually  in 
the  cold  by  mixing  calcium  chloride  solution  with  a  concentrated 
solution  of  an  alkaline  isosuccinate. 

Silvrr  Iscmi^ccijicUe,  C^H^O^Agj.  is  a  granular  crystalline 
precipitate,  which  when  shaken  with  a  large  quantity  of  water 
suddenly  dissolves,  separating  out  again,  on  standing  for  a  few 
minutee.  in  thin  needles.^ 


'  Ann^  C^fM,  Phorm.  exxxi.  350* 

*  Jmjm,  Prakf,  Chrm,  [21  I  19. 

,  Scr,  Ikulsch,  Chcm.  Ges,  xm.  200. 


=  Zeita^K.  Cftttfi,  [2],  Hi  247. 
^  Kr(»tow»ilcow»  ik  x,  409* 
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Ethyl   IsosmdnaU,   C^fi^{C^r)^   is   formed   according    to 
CarstfiDJen  by  heating  ethyl   formate  and  ethyl   luctite   with 
phosphorus  pentoxide  :^ 
CH3 


caoH 

I 
cooan, 


+    HCO.OCjHg    =- 


CH 

I 

CHCO.OC^H 


+    H^O. 


CO.OC,H, 

It  is  also  formed  from  ethyl  malonate  by  a  reaction  which  has 
already  been  described,*  It  is  a  liquid  having  a  specific  gravity 
of  1021  at  22°  and  boils  at  196V 

Monohroinisomccink  Acid.  CIl3CBr(C02H)2,  is  obtained  hj 
heating  isosuccinic  acid  with  bromine  and  water  to  100^  It 
ciystallizes  in  well-formed  deliquescent  prisms. 


OXYSUCCINIC    ACIDS. 

Malic  Acid,  C2H3(0H)(C0^H)2. 

595  Geber  supposed  that  the  juice  of  sour  pears  contained  an 
acid,  or,  as  he  termed  it,  aqim  dissfjhdira,  ami  this  liquicl  was 
employed  in  the  sixteenth  century  as  a  solvent  for  iron.  The  pre- 
paration thus  obtained  is  still  described  in  certain  pharmacopcaias 
as  Extrojctum  viarNspomata  or /cm  pamiUa,  a  tincture  prepaied 
from  this  being  also  mentioned.  Libavius,  who  refers  tt)  this  in 
his  Alchymia»  also  notices  a  juico  from  "  haccac  cric4U  haccifera^ 
Qkhlhthr  vmant  Gcrmani)^  Succus  cvadU  ruber  d  acidun^ 
qui  sajrU" 

Donald  Monro,  in  1767,^  waa  the  first  to  point  out  that  the 
juice  of  apples  yields  a  peculiar  salt  with  soda,  and  Scheele,  in 
1785»  showed  that  gooseberries  contain  another  acid  in  addition 
to  citric  acid,  which  is  also  present  in  large  qiuintity  in  unrijie 
apples,  and  hence  he  termed  it  malic  acid  (from  jnalum).  He 
also  showed  that  eitlier  the  one  or  the  other,  or  both  these  acids 
occur  in  many  other  plants,  and  its  chamcteristic  proiierties  %vere 
afterwards  more  closely  investigated  by  Vauquelin  in  1800.  In 
1807,  however,  both  Buuillon-Lagrange  and  A,  Vogel  came  to 
tlie  conclusion  that  this  acid  is  a  mixture  of  acetic  acid  and 

1  Bw  Tkvtsch.  Chrm,  Or$,  iv.  808.  »  ZiilOin,  th,  xiL  1112, 

'  C'otinni  and  Di*»botF.  Jnu,  Chem,  Pharm,  edv,  202, 
^  FhiL  Trans,  1767,  p.  iVJ, 
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extractive  matter,  but  this  was  disproved  by  Vauquelin  in  1817» 
Two  years  before  Donovan  proved  that  mountain-ash  berries 
contained  an  acid  to  which  he  gave  the  name  of  Borbk  arid,  and 
Braoonnot^  in  1818,  proved  this  substance  to  be  malic  acid. 
The  exact  composition  of  malic  acid  was,  however,  first  ascer- 
tained by  Liebig> 

Malic  acid  is  widely  distributed  throughout  the  vegetable  king- 
dom,* being  found  in  a  number  of  other  fruits  besides  those  wliich 
have  hem  narued.  It  frequently  occurs  togetlier  witli  oxalic, 
tjurtaric  and  citric  acids,  partly  in  the  free  state  and  partly 
combined  with  bases.  It  also  occurs  in  various  other  parts  of 
the  vegetable  kingdom.  For  example  it  is  found  in  considerable 
quantity  in  the  berries  of  berbery  {Berberis  vulgaris),  quince, 
red-  and  white-currants,  raspberries,  blackberries,  pine-apple, 
bananas,  aud  sour-  or  morella-i-ht^rries,  whilst  sweet  cherries 
contain  acid  pcitassium  malate,  a  salt  which  is  also  contained  in 
the  leaves  and  stem  of  garden  rhubarb  (Bhcum  2^a/w^«/u7«  and 
U.  UTuhUatv.m),  Acid  calcium  malate  is  also  found  in  many 
plants,  the  leaves  of  the  house-leek  (Srmpervivtmi  tectorum) 
being  especidly  rich  in  it,  as  well  as  the  leaf  of  the  tobacco  plant 
and  the  berries  of  Rhm  Coriaria,  and  other  species  of  sumach. 

Tlie  beat  source  of  malic  acid  is  the  mountain-ash  berries. 
They  must  be  used  when  they  begin  to  redden,  as  the  ripe  ones 
contain  little  or  no  malic  acid.  Milk  of  lime  is  added  to  thejuice 
\intil  the  liquid  has  only  a  slightly  acid  reaction.  The  whole  is 
aen  boileil  for  some  hours,  wiien  the  steam  which  comes  off 
attacks  the  eyes  from  the  presence  of  the  vapour  of  sorbic  acid. 
During  the  ebullition  calcium  malate  separates  out  as  a  white 

ady  powder,  which  is  then  removed  with  a  spoon.     When  no 

ther  precipitate  forms,  the  liquid  is  allowed  to  cool  and  a  further 
quantity  of  this  salt  is  deposited.  The  precipitate  is  then  washed 
with  cold  water  and  thrown  gradually  into  a  warm  mixture 
of  nitric  acid  and  ten  parts  of  water  so  long  as  it  dissolves, 
and  the  whole  allowed  to  cool,  when  the  acid  calcium  malate 
separat-os  out.  This  is  then  purified  by  recrystallization  from 
hot  water,  precipittited  with  lead  acetate  and  the  insoluble  lead 
maUte  decomposed  w^ith  sulphuretted  hydrogen.* 

Tlie  stalks  and  leaves  of  garden  rhubarb  may  also  be  employed 
for  the  preparation  of  malic  acid,  and  may  be  treated  as  above,* 

»  .^fin.  Pharm,  r.  141.  a  Cmelm,  Ean^dhook^  x*  205, 

IJJjigctf),  A»n,  Chnn,  Phann,  xxxviii.  267. 
IveritU  Pf^ii  Mag,  [3],  xxiii.  827. 
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The  juice  may  also  he  clarified  with  isinglass  and  the  filtrate 
allowed  to  evaporate  to  a  thin  syrup.  After  some  days  arid 
ealciufu  malate  separates  out,  and  this  may  be  purified  by  re- 
crystal  liziiti  on  and  afterwards  treated  as  above.* 

The  evaporated  synipy  solution  from  the  decomposition  of 
the  leatl  salt  when  allowed  to  stand  in  a  warm  pLi^ce  deposits 
malic  acid  lu  sflistening  four-sided  needles,  which  frequently 
unite  to  form  busliy  or  nodular  masses.  It  is  also  sometimes 
deposited  in  cauliflower-like  forms. 

Malic  acid  ia  very  soluble  in  water,  and  deliquasces  on  exposure 
to  moist  air.  It  has  a  strong  but  pleasant  acid  tast^,  melts  at 
about  100'',  and  decomposes  at  a  higher  temperature,  when 
products  are  formed  which  will  be  aftenvards  described.  When 
treated  with  concentrated  hydriodic  acid  it  is  reduced  to 
succinic  acid :  * 

C3H,(OH)(C02H),  ^  2HT  -  C4H^(C02H),  -h  H,0  ^  I^ 


The  Malates. 

596  These  salts  have  been  carefully  investigated  by  Hagea* 
The  normal  malatesof  the  alkali  metals  are  easily  soluble  in  water^ 
but  do  not  crystallize.  The  acid  salts  on  the  other  hand  crystal- 
lize well.  The  malates  of  the  alkaline  earths  exist  both  in 
anhydrous  forms  and  in  forms  containing  water  of  crystallization, 
and  it  appears  that  the  solubility  increases  with  the  quantity  of 
water  contained.  The  malates  of  aluminium^  iron,  manganeae, 
&c.,  are  not  crystallizable,  and  their  solutions  are  not  precipitated 
by  alkalis.  Other  heavy  metala  form  di6Scultly  soluble  or  in- 
soluble malates.  The  following  are  the  most  characteristic  salts 
of  this  acid. 

Acid  Ammofiium  Malate,  CJifi^C^B.^),  dissolves  in  about 
three  parts  of  cold  water,  and  crystallizes  in  large  rhombic 
prisms. 

Normal  Calcium  Malate,  C^H^OjjCa.  \Vlien  a  solution  of 
malic  acid  is  neutralized  with  lime  and  heated  to  the  boiling 
point,  the  anhydrous  salt  separates  out  as  a  graTUilar  powder 
scarcely  soluble  in  water.  When  the  solution  remains  acid  a 
similar  precipitate  is  thrown  down  which  contains  one  molecule  of 

*  Winkler  JiTid  Herl»er;^r.  *frK  Pfyrkt  Ch^^,  ii,  201. 

'  ftehmitt.  Ami.  Chftn..  Phnrm,  oxiv.  106  ;  De^^&lgue&t  *i.  cxviL  1^1 
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^^\.er,  and  this  is  also  farmed  wben  a  solution  uf  sodium  malate 
^^T«iixed  with  one  of  adcium  chloride  and  allowed  to  stand.  This 
^K  is  soluble  in  147  parts  of  cold  and  67  parts  of  boiling 
^'5vt€r^  and  does  not  deposit  again  on  cooling.  If  the  acid  is 
neutralized  with  hme  water  and  the  solution  allowed  to  evaporate 
in  a  vacuum  easily  soluble  thin  crystalline  laminae  ai'e  obtained, 
cootaining  two  molecules  of  water.  These  become  anhydrous 
ajid  insoluble  at  180^ 

Add  Calcium  Malate^  {Cfi.f)^)fiti.'^di^Jd,  This  occurs,  as 
has  been  stated,  in  several  plants,  and  may  also  be  easily 
prepared  by  dissolving  the  normal  Sfdt  in  aqueous  malic  acid 
or  in  hot  dilute  nitiic  acid.  It  cr)^staUizes  in  transparent 
listening  prisms  having  a  pleasant  acid  taste.  It  dissolves 
m  fifty  parts  of  cold  aud  more  easily  in  hot  water.  When  its 
solution  is  boiled  the  normal  salt  separates  out,  and  when 
neutralized  with  ammonia  and  allowed  to  evaporate  transpai'ent 
brightly  glistening,  hard  crystals  are  deposited,  having  the 
composition  G^H^OgCa  -f  SH^O,  and  these,  when  heated,  lose 
water  and  assume  a  pircclain-iike  appearance. 

Normal  Lead  Malate^  C^H^^Pb  +  SlIjO*  This  is  obtained  as 
a  flocculcnt  precipitate  which  gradually  becomes  crystalline- 
IMien  heated  with  a  moderate  amount  of  water  it  melts  to 
a  gum-like  mass  which  is  brittle  when  cold.  The  solution, 
however,  deposits  four-sided  needles  or  tablets.  It  is  only 
slightly  soluble  in  dilute  acetic  acid,  but  dissolves  more  readily 
in  solution  of  sugar  of  lead  and  in  nitric  acid.  l>\lien  a  solution 
of  a  jnalate  is  thrown  down  with  acetate  of  lead  a  precipitate 
of  basic  salt  is  obtained. 

Silver  i/aia/e  is  a  white  granular  crystalline  precipitate  soluble 
in  boiling  water,  and  easily  undergoes  decomposition  attended 
by  blackening. 


Optical  Isomerides  of  Malic  Acid. 

597  Tlie  malic  acid  which  occurs  in  nature  is  optically  active, 
a  dilute  solution  deviating  the  plane  of  polarization  to  the 
left.  This  gyratory  power  diminishes  with  the  concentration 
until,  when  the  solution  contains  thirty-four  per  cent.,  it  be- 
comes inactive.  A  still  further  addition  of  the  acid  gives  to 
the  solution  a  dextro-rotatory  power,  so  that  one  containing 
sixty  pdT  cent,  deviates   the   plane  of   polarization  as   much 


to  the  right  as  one  contaimng  8*4  per  cent,  does  to  the  h^^^ 
The  sodium  salts  exhibit  a  similar  property.^  ^^^| 

Wlien  tiirtaric  acid  (dioxy succinic  acid)  is  treated  "^^^^ 
liydriodie  acid  it  is  reduced  to  malic  acid,  aud  this  by  a  furth^^*^ 
action  is  converted  into  succinic  acid.  The  malic  acid  tht^^ 
obtained  is,  like  the  tiirtiiric  acid  employed,  dextro-rotator;^' 
at  any  rate  in  dilute  solution.^  If  instead  of  tartaric  acid  us-^^ 
be  made  of  its  isomeride,  xacemic  acid,  a  compound  of  deztn>'^| 
tartaric  acid  with  kevro-rotjitory  acid  which  is  optically  inactive ^.^ 
an  inactive  malic  acid  is  also  produced,  and  this,  like  raceraic 
acid,  can  be  decomposed  into  two  optically  active  adds.*  Anothe 
inactive  malic  acid  which  cannot  be  thus  spUt  up  was  obtainedl 
by  Piisteur  by  the  action  t>f  nitrogen  trioxide  on  inactive  aspartic 
acid  (amidosuccinic  acid),  a  body  which  will  be  afterwardsj 
described.  This  malic  acid  is  distingnished  from  the  commonl 
variety  by  being  more  easily  cryst-allizable,  by  being  non-deli-l 
quescent,  and  melting  at  133°.'*  Its  salts  are,  however,  ve 
similar  to  those  of  the  naturally  occurring  acid,  but  they  mayj 
be  distinguished  from  them  inasmuch  jig  the  crystals  of  the! 
latter  exhibit  hemiliedral  faces.  It  is  probable  that  the  malic 
acid  obtained  by  XekuM  by  heating  bromsuccinic  acid  with] 
silver  oxide  and  water  ^  is  identical  A\itli  Pasteur  s  acid  as  weU' 
as  that  which  Strecker  and  Messel  obtained  by  bf:>iling  sulpho- 
succinic  acid  with  caustic  pjtiash.*  Another  inactive  malici 
acid  which  appears  to  be  different  from  these  modific-Jitions  isl 
obtained  from  fumaric  acid,  C^H^O^,  and  will  be  described 
under  this  head. 


Ethers  and  Ethereal  Salts  of  Malic  Acid. 


598  I^(rr?nal  Ethjl  Maiaie,  C,H,(OH)  (CO.C.H,)^.  ThenardM 
made  the  first  experiments  on  the  preparation  of  this  salt  HeJ 
heated  a  mixture  of  eighteen  parts  of  alcohol,  fifteen  parts  of  sul-l 
phuric  acid,  and  five  of  malic  acid  until  ether  began  to  be  evolved, 
and  then  mixed  the  residue  with  water,  when  he  obtained^ 
a  yellow  oily  odourless  liquid,  which  when  heated  decomposed.™ 
This  substance   requires  further  investigation.^     According  to 


1  SclineiJeiv  Ann.  Cftem.  Pharm,  ocvii  257, 
'  Bremer.  J«r.  Jkutseh.  Chmn,  Oca,  Tiii.  1594. 

*  Ann.  Chirm,  Pharm.   Ixxuv,  157, 


*  Bremer,  ib.  xiti.  SSL 


»  Ih.  cxvii.  125. 

'  Mhn,  Soc,  iTJtctuilt  ii.  12, 


«  ZciiMfL  Chem.  1870,  460. 
'  Gmelin,  Org.  Chem,  ii.  854, 
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Demondesir  this  salt   is  obtained   by  saturating  an   alcoholic 

I  solution  of  malic  acid  with  hydrochloric  acid.    The  acid  is  then 

neutralizjed  with  carbonate  of  soda,  and  extracted  with  ether 

and  on  evaporating  ethyl  malate  remains  behind.^     It  is  also 

formed  when  silver  malate  is  heated  with  ethyl  iodide  and  ether. 

It  is  a  glitch tly  ethereal  smelling  liquid^  soluble  in  water,  and 

^l>oiling  under  a  diminished  pressure  of  15  mm.  at  128** — 131^ 

^When  heat^id  under  the  ordinary  pressure  it  decomposes  into 

water  and  ethyl  fumarate. 

Acid  Ethyl  Mcdatc,  C2H,(OH)(CO^C,H5)C03H,     This  com- 
pound, which  is  also  known  as  f»thyl  malic  acid,  is  formed  in 
I  the   preparation   of  the  normal   salt    by  the    second    method 
[above   dL-^^rribed,  and  forms  a  calcium   sidt    easily  soluble   in 
I  alcohol 

Ethijhmaitr  Acid,  C^^OC^^iCO^T)^  is  isomeric  with  the 
foregoing  compound,  being  distinguished  from  it  inasmuch  as 
it  is  dibasic.  In  order  to  prepare  it,  ethyl  fijmarate  is  gTa<lually 
added  to  an  alcoholic  solution  of  sodium  ethyhtte,  the  mixture 
allowed  to  stand,  and  then  h<'ated  with  water  and  caustic  soda. 

^The  sodium  salt  thus  obtained  is  then  converted  into  the  in- 
0fl4uble  and  crj^stalline  lead  salt,  and  this  decomposed  by 
Wphuretted  hydrogen.  WbcTi  the  solution  is  evaporated  a 
syrupy  mass  remains  behind,  which  gradually  defwsits  crystals 
,  which  are  apparently  rhombic,  and  melt  at  8G^  The  formation 
of  this  acid  is  explained  by  the  folluwing  equation: 

CjeH4.C02.CH(OC,,H,).CHNa,CO,.aH,. 

'The  compound  thus  obtained  is  then  converted  in  the  presence 
I  of  water  and  caustic  soda  into  sodium  ethylomalate.^ 

TrUikyl  Maktte,  CgHgCOCsH^XCOgC^H,)^.  is  formed  when 
sodium  is  gradually  added  to  an  ethereal  solution  of  the  normal 
ether,  and  the  product  treated  with  ethyl  iodide.  It  is  a 
lii|uid  which  boils  under  a  diminished  pressure  of  15  mm.  at 
118"— 120\* 

Ethyl  Nitroxyl  Malate,  CjH,(ON02)(C02C2Hj2,  is  obtained 
by  dissolving  the  normal  salt  in  a  murture  of  concentrated 
sulphuric  and  nitric  acids*  On  precipitating  with  water,  a 
slightly  pungent-smelling,  oily  Uquid  is  obtained,  which  de- 
composes  on  heating.^ 

*  C^mpt,  JicTff^.  xxxiiu  227,  *  Pnrdie,  Joum,  Chenu  Soc.  1881,  i.  344. 

toil],  Ifir,  Dratjirh,  Chrm.  Ge9.  xiu,  1394,  *  Heniy,  ib,  iiL  5U2, 


204 


THE  OXYSUCCINIC  ACIDS. 


Ethyl  AcetomalaU,  C^KlOG^O){COj2^^\,  is  formed  by 
heatiug  ethyl  malate  mth  acetyl  chloride,  It  is  a  heavy,  gliglitly 
ethereal  smelling  liquid,  insoluble  in  water,  boiling  at  258^  and 
is  decomposed  by  alkalis  into  alcohol,  malic  acid,  and  acetic 
acid* 

Amido-comfounds  of  Malic  Acid. 

599  Malamide,  C^Hg(OH)(CO.NH^j,,  is  formed  by  the  action 
of  ammonia  on  an  alcoholic  solution  of  ethyl  mal&te.  It  id 
soluble  in  water  and  crystallizes  in  quadratic  prisms. 

Malamic  Acid,   Cj,H^(OH)-|  pq'qtt^  is  not  known   in   the 

free  state.  Its  ethyl  salt  separates  out  as  a  radiating  crystalline 
mass  when  ethyl  malate  is  saturated  with  ammonia  and  allowed 
to  stand  (Demond^sir)* 

f  CO  N^H 

Asparayine,  or  Amidomccinamic  Acid,  C^H3(NH2)  I  nr\r\xi^ 

This  compound,  isomeric  \nt!i  maJamide,  was  discovered  in  1 805 
by  Vauqueliii  and  Robiquet  in  the  juice  of  aspamgus.*  Bacon 
found  a  substance  in  the  max-sh-maUow  root  to  which  he  gave 
the  name  of  AUhainr,  and  Caventou  found  in  the  liquorice 
root  a  similar  body,  which  he  termed  AffMoile.  Plisson  and 
Henry  then  showed  that  these  bodies  are  identical  with  aspara- 
gine.^  The  composition  of  this  body  was  first  determined  by 
Liebig.*  It  occurs,  very  widely  distributed,  in  the  vegetable 
kingdom,  being  found  in  certaio  fruits,  roots,  and  tubers,  as  in 
the  dahlia  tuber,  and  in  chestnuts  and  potatoes,  and  in  tlie 
roots  of  Eohinia  pstnuiacacia^  in  which  it  occurs  in  D>!npara- 
tively  large  quantities.  It  is  also  found  in  the  milky  juice  of 
the  lettuce,  and  in  the  young  shoots  of  vetches,  peas,  beans,  and 
several  other  leguminous  plants,  the  seeds  of  which  do  not  con* 
tain  any  trace.  The  quantity  diminishes  as  the  growth  of  the 
plants  proceeds,  and  disappears  altogether  as  soon  as  the  seeds 
are  formed.*  According  to  Boussingault,  asparagine  is  a  constant 
constituent  of  plants  grown  in  the  dark,** 

In  order  to  prepare  it  from  the  young  plants  these  are  pressed, 
the  juice  heated  to  boiling,  filtered  and  evaporated  to  a  thin 


'  Wblicenus,  Ann.  Chtm.  Pharm,  cxxlx.  3  79, 
'  ^tttt,  Chim.  IviL  88  ;  IxxiL  143. 

*  Ann,  Chiiii.  Fhtft.  {%  xxxy.  176  ;  xixviL  81  \  xIt.  304. 

♦  Ann,  Pharm,  vi'u  14<5. 

'  Piriii.  Ann.  Chim.  Phjs.  [3],  xxiL  160. 

•  Bull  Soe.  Chim.  [2],  ii.  297. 
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syrup.  After  standing  for  some  time  asparagine  separates  out, 
and  this  is  then  purified  by  filtration  throngli  animal  charcoal 
and  crystallization.  It  may  be  prepared  Biiaily  from  the  root  of 
Scorsoncra  kispankat  by  allowing  this  to  undergo  dialysis,^  and  a 
similar  process  may  also  be  adopted  for  its  preparation  from  the 
mallow,* 

A.^tparagine  crystallizes  with  one  molecule  of  water  in  trans- 
parent rhombic  prisms,  which  are  permanent  in  the  air,  and 
liave  a  specific  gravity  of  VbW.  These  crumble  to  powder  with 
a  crackling  noise  between  the  teeth-  they  have  a  slight  cooling, 
somewhat  nauseating  taste.  Tliey  are  soluble  in  82  parts  of 
water  at  10',  but  are  scarcely  soluble  in  absolute  alcohol 

The  4vquenus  solution  possesses  a  slight  lievro-rotatory  power ; 
that  in  ammonia  or  caustic  soda  exerts  a  more  powerful  action, 
but  a  solution  in  mineral  acida  has  a  destro-gyratory  power. 
The  effect  of  acetic  acid  upon  tliis  action  is  remarkable.  If  a 
small  quantity  be  added  to  an  aqueous  solution  of  as]>aragine  its 
hevro-rotatory  power  is  wexUvened,  and  at  lost  disappears,  a  further 
addition  of  acetic  acid  producing  a  dextro-rotatory  action.* 

Asjjaragine  being  an  anndu-acid  combines  with  acids.  It  also 
forms  metallic  salts,  and  combines  %Yith  salts  to  form  compounds 
similar  to  those  formed  by  glycocoli 

Kitrous  acid  converts  asparagine  into  malic  acid,  and  for  this 
reason  Piria  assumed  that  this  body  stands  in  the  same  relation 
to  this  as  oxamide  does  to  oxalic  acid.  Kolbe,  on  the  other 
hand,  was  the  first  to  express  the  view  that  it  is  an  amide  of 
amido-succinic  acid  or  aspartic  acid,*  and  Schaal  proved  this, 
inasmuch  as  he  obtained  it  by  the  action  of  ammonia  on  the 
ethyl  salt  of  the  latter  acid.^ 

Pure  asparagine  does  not  undergo  alteration  in  aqueous  solu- 
tion. If,  however,  albuminoid  bodies  are  present  a  fermentation 
socm  sets  in,  and  ammonium  succinate  is  formed.  This  change 
occurs  in  its  passage  through  the  human  organism.  After  eating 
ttspnnigus  the  urine,  as  is  well  known,  assumes  a  peculiar  smell. 
The  cause  of  this  has  not  yet  been  ascertained,  but  on  examina- 
tion it  has  been  found  that  such  urine  contains  ammonium 
succinate.^ 

6oo  Aspariic  Acid  or  Amidomccinic  Acid,  C^^Qm,^{QO^\ 

1  Gr^rt—  n... -T.   ,     *,.„^  Chaiu  Pharvi,  cxxv.  291. 
«  }U.  'Item.  1862,  117. 

•  Ber     ^  .^.  atrrn.  0(9.  xiv,  102a 

•  Jnn.  Vhrm,  thartt^,  cxxii  232, 

•  lb,  driL  24.  •  Hilger»  A  dxxi.  259. 
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was  obtained  by  Plisson  by  boiling  asparagus  with  water  and 
lead  oxide  until  the  evolution  of  ammonia  ceaaed.  Inst-ead  of 
lead  oxide,  other  bases  such  as  baryta/  or  caustic  potash  *  may 
be  used.  Liebig,  who  first  determined  its  composition,  prepared 
it  by  boiling  an  aqueous  solution  of  asparugine  with  caustic 
potash,  the  evaporated  water  being  constantly  renewed,  until  no 
further  evolution  of  ammonia  waa  observed.  The  aolution  was 
then  neutralized  i^-ith  hydrochloric  acid,  evaporated  to  dryness, 
and  the  residue  washed  with  cold  water  to  remove  poUissium 
chloride.  Aspartic  acid  is  also  found  in  beet-root  juice  after 
treatment  with  lirae,^  as  well  as  in  the  spent  lees  or  vinasee. 
together  witli  an  homologous  acid.* 

It  is  sparingly  soluble  in  cold  water,  more  readily  soluble  in 
boiling  watL'T.  and  disst>lves  oidy  with  ditBculty  in  alcohoL  It 
is  deposited  either  in  small  thin  rhombic  tables  or  in  micro- 
scopic crystals,  These  have  a  slightly  acid  taste,  leaving  an 
after- taste  like  broth.  Owing  to  the  slight  solubihty  its  aqueous 
solution  possesses  only  a  weak  Isevro-rotatory  power,  whilst 
its  alkaline  solution  produces  a  more  powerful  rotation;  ita 
solution  in  acids,  on  the  other  hand,  exhibits  a  strong  dextro- 
rotaU>ry  action.  With  acetic  acid  it  exhibits  a  behaviour 
corresponding  to  that  of  asparagine  (Becker). 

An  optically  inactive  aspartic  atnd  was  obtained  by  Piusti-ur 
from  acid  ammonium  malate.  If  this  body  be  moistened 
with  ammonia  and  heated  for  some  hours  to  160"* — 200**,  a 
resinous  mass  is  formed,  and  this  when  washed  with  water 
leaves  behind  a  reddish  powder  whicli  possesses  the  composition 
C^HjNOj,  and  has  been  termed  fumarimide.  It  probably 
possesses  the  following  constitution  : 

CO— N— CO 

I     /        I 
CH  CH^ 

CH,         CH 

CO— N— CO. 

Ey  boiling  this  i^ith  dilute  hydrochloric  acid  it  is  converted 

»  Bontron-Choliini  and  Peloiu«,  Jnn,  C^m,  i»A^  p],  Hi.  90. 

'  Liebig,  Ann.  Pharm.  ixvi\  125  nnd  16L 

■  Sclieibler,  Jahrcsb,  1866,  899  ;  Chrm.  CejUralh,  1869,  60*. 

*  Btr,  IMutsch.  Chem,  Gts,  \\,  596. 

*  jifin.  Ckim.  Phya.  [3],  xxxxx.  30. 
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^Uto  inactive  aspartic  acid,  which  crystallizes  in  short  hard  mono- 

<^Hi\ic prisms,  and  is  somewhat  more  soluble  than  tbo  active  acid. 

^^  salts  also  exhibit  a  difierence  from  those  of  the  active  acid 

»^t.li  in  solubility  and  crystalline  form ;   otherwise  its  chemical 

^*^actions  resemble  those  of  the  ordinary  acid.^ 

Aspartic  acid  has  a  sliglitly  acid  taste  and  is  dibasic.  Its 
lionnal  salts  are,  however,  decomposed  by  carbon  dioxide,  and 
tience  they  were  at  one  time  believed  to  be  basic  salts,  and  the 
SEicid  was  coii-sidered  to  be  monobasic  as,  indeed^  in  the  free  state 
it  really  is,  being  an  aniido-acid : 

CO— O 
CH— NH 


CHa 
O.OH. 


A, 


The  only  aspartates  of  the  alkali  metals  which  are  known  in 
Uie  solid  form  are  the  acid  salts.  The  acid  salts  of  other  metals 
are  soluble  in  water ;  some  of  the  nonnal  salts  are  insoluble. 
The  soluble  aspartates  have  tdso  a  peculiar  taste  like  broth. 
By  heating  the  acid  silver  salt  with  ethyl  iodide  the  monethyl 
salt  is  obtained ;  this  is  a  crystalline  body,  which  on  treatment 
with  miueous  ammonia  yields  asparagine.^ 

Aspartic  acid  also  forms  compounds  mth  other  acids  which 
crystalline^ 

Imidosuccinic   Acid,   ^^^yryC^^^.CO^Il,  is  obtained  together 

with  tetramethylammonium  iodide  wlien  a  solution  of  asparagine 
in  caustic  potash  is  mixed  with  wood-spirit  and  methyl  iodide, 
Qd  the  mixture  allowed  to  stand.  It  crystallizes  from  hot  water 
^m  four-sided  laminae.  It  b  a  monobasic  acid,  but  as  it  is  an 
imido-compound  it  yields  a  silver  salt  containing  two  atoms  of 
metal* 


6oi  Isomalw  Acid,  CHaC(0H)(C02H)^,  was  obtamed  by 
Schmoger  by  gently  heating  an  aqueous  solution  of  bromisosuc* 
cinic  acid  with  freshly  precipitated  silver  oxide.  This  acid,  which 
is  easily  soluble  in  water,  can  be  obtained  in  the  crystallized  state, 

1  Jnit.  Chim,  Phys,  [S],  xjciL  160. 

•  Hrh/ml,  Ann.  Ch^m/Phurm.  tlvii.  24. 

•  Grieaa,  Scf.  DiuUck,  VKem,  Ga,  xii,  2117. 
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whereas  its  salts,  ^^th  the  exception  of  the  silver  salt,  cann( 
be  obtained  crystallized.  It  decomposes  at  100'  into  carboi 
dioxide  and  lactic  acid.* 

An  acid,  which  according  t^  its  mode  of  formation  should 
identical  with   the   above,  was   prepared   by  Buttinger  in  tin 
following  way.     Pyroracemic  acid  is  gradually  added  to  finel; 
powdered,  well  cooled  jjotassium  cyanide^  and  the  pn>duct  treal 
with    hydrochloric    acid,  when    oxt/dhukiie'SUc^yijmmic   acid  h 


4 

0I34 


fonued  i 


I 
(JO     + 


HON 


i 


=    C(OH)CN 


lO.OH 


CO.OH. 


CH, 


C(OH)CN 
CO.OH 


+    HjO 


=  i 


CH, 


!(OH)CO.NH^ 


CO.OH. 


This  forms  a  strongly  acid  syrupy  mass,  which  when  heated 
with  hydrochluric  acid  is  converted  into  lactic  acid,  carbon 
dioxide,  and  sal-ammoniac,  but  when  boiled  \dth  barj^ta  water,  ^ 
oxi/dhid£}ie-sua'ifuc  acid^  or  methyl  farironic  acid  is  ft>rmed.  ■ 
This  is  easily  solnhie,  and  crystallizes  in  rhombohedrons  similar 
to  those  of  calc-spiir.  When  carefully  heated  it  melts  at  178* 
with  violent  tivolution  of  cai'bon  dioxide.  It  is  distinguished 
from  isomahc  acid,  inasmuch  as  it  forms  crystalUne  salts** 


H 


FUMARIC  ACID  AND  MALEIC  ACID.  C,Hp,, 

602  Vanquelin'  as  well  as  Bracoimot*  noticed  that  when 
malic  acid  is  subjected  to  dry  distillation  an  acid  aqueous  liquid 
first  comes  over,  and  then  a  needle-shaped  sublimate  is  formed, 
Lassaigne  then  showed  that  the  aqneons  solution  contains  a 
peculiar  acid  to  which  he  gave  the  name  of  pyromalic  acid,  theJ 
sublimate  being  an  acid  differing  from  tkis.-^  These  compounds  j 
were  more  accurately  examined  in  1834  by  Peluuze,  who  gave  to  i 


^  Joun^  PmH,  Ckem.  [2],  xiv,  77  ;  six.  168 ;  xxiv,  33. 

*  Be^.  Dtttiaeh.  Chcm.  Gts.  xiv.  87  and  148. 

>  Ann,  ahim.  Fhjs.  [2],  vi  337.  *  JJ.  TiiL  119. 
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he  former  the  name  of  maJeic  acid  and  to  the  latter  the  name 
)f  paniinaleic  acid.^ 

Before  this,  Bracoixnot  had  prepared  the  so-called  boletic  acid 
'om  several  varieties  of  lichens,  and  Pfaff  afterwards  found  an 
fecid  in  Iceland-moss  to  wluch  he  gave  the  name  of  lichenic 
acid,  whilst  Winkler  obtained  an  acid  from  fumitory  {I*umaria 
officinalis),  which  he  termed  fumaric  acid.  The  identity  of 
this  latter  acid  with  paramaleic  acid  was  demonstrated  by 
pemar^ay,^  whilst  Schodlcr  showed  that  lichenic  is  really  the 
pBie  acid,*  Then  BoUey*  and  Dessaignes^  proved  that  boletic 
'acid  is  identical  w  ith  fumaric  acid,  and  this  name  is  now  gener- 
■ally  adopted  instead  of  paramaleic  acid. 

Wlien  malic  acid  is  quickly  tlistilled,  water  passes  over  first 
alone  and  then  together  with  maleicacid,  the  residue  solidifying 
after  some  time  to  crystalline  fumaric  acid*  On  slow  distillatiun 
more  of  the  latter  substance  is  obtained,  and  w^hen  malic  acid  is 
'Iieated  for  some  time  to  140°  to  150**,  only  fumaric  acid  is  formed, 
the  maleic  acid  being  also  converted  at  this  temperature  into 
tlie  ifiomeride.  At  higher  temperatures,  on  the  other  hand,  both 
licids  decompose  into  water  and  maleic  anhydride,  which  body 
easily  combinen  with  water  to  form  maleic  acid.  Hence  these 
two  isomerides  can  easily  be  converted  the  one  into  the  other. 


^05  Fi 


FuMABic  Acid, 


3  FniiKiiic  aci<l  is  somewhat  widely  distributed  throughout 
the  veget^iblo  kingdom.  It  is  found  in  a  variety  of  lichens, 
and  especially  in  Iceland  moss^  in  truffles,  and  in  the  several 
Ipecies  of  /umaria,  corydaUs  and  glaucium. 

In  iiddition  to  the  reactions  mentioned  above  it  is  also  formed, 
iccording  to  Milhlhaiiser,  when  albuminoids  are  heated  with 
qua  regia.*^  It  is  best  obtained  in  the  pure  state  by  heating 
iialic  acid  with  a  smaD  quantity  of  water  at  1 80"  under  pres- 
fsm?  It  requires  for  solution  more  than  200  times  its  weight 
&f  cold  water  It  dissolves  more  easily  in  hot  water  and  also  in 
Jcohol  and  ether»  crystallizing  from  these  in  prisms  or  scales. 
\%  foses  with  ditEculty  on  heating,  and  decomposes  at  about  200** 


^  Ann.  Chtm.  Phyi.  [%\  M.  72. 
=  Ih.  M.  42». 

*  IK  \xxx\n.  iL 

*  Ann.  i^hrm.  Pliann.  ci.  X76, 


*  Ann,  Chem.  Pharm,  irii.  148. 

*  Canipf,  Rfnd,  xjcxi  -432  ;  xxxvii.  7S2. 

^  Junglieisch,  Btdl,  Soc  Ckim,  xxz.  147* 
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into  water  and  maleic  anhydride,  whilst  a  portion  sublima^-^  ^^ 

needles.     It  has  a  purely  acid  taste,  is  optically  inactive,  aa  ^  is 

not  attacked  by  concentrated  nitric  acid,  even  on  boiling ;    ^^^^ 

is  easily  conveited  in  presence  of  sodium  amalgam  and  w»^^r 

into  succinic  acid.     This   same   change   takes  place   when       ^^ 

is  treated  with  zinc  in  alkaline  solution,  or  when   it  is  heat:-  ^i 

with  hytlriodic  acid.i     When  brought  in  contact  witli  bromi  ^^^ 

and  water  it  combines,  gradually  at  the  ordinary  temi>erature  1^  ^^^ 

quickly  at  100'',  forming  dibromsuccinic  acid.^     Fuming  hydr — ^ 

bromic  acid  does  not  combine  wnth  it  in  the  cold  but  does  so  ^s^a^ 

100°  when  monobromsuccinic  ficid   is  formed.*     When  heat^^^ 

with  a   large  excess  of  water  to  150"  it  is  transformed  in^*^^ 

inactive   malic   acid    (Jungiieisch).      This  also  takes  place  ^'^^'  -^^ 

heating  fumaric  acid  for  some  time  with  caustic  soda  to  10^ 

Malic  cK:id  prepared  in  this  way  forms  hard  cr\"stalline  cnisi 

consisting  of  microsctipic  prisms.     It  is  less  deliquescent  tha"^^^^^ 

common  malic  acid,  from  which  it  is  also  distinguished  by  th-^^^"*^ 

The  main  distinction  between  this  aui^  «^^*^ 

it 


i 


[)0«C3fi 


^id 


properties  of  its  salts, 

the  other  modifications  of  malic  acid  is  that  when  heated  i 

forms  fu marie  acnd,  but  no  maleic  acid  * 

If,  on  the  other  hand,  fumaric  acid  be  heated  with  much  wate*:'^^^^'^ 
at  ISO''  to  200°  an  inactive  malic  ficid  is  formed,  which,  like  th^^  0:9^^ 
body  already  described,  splits  up   into  maleic  anliydride  amU^^^ 
fiiraaric  acid  when  it  is  heated  with  water.     By  converting  this  ^  • 
latter  into  malic  acid  and  repeating  the  above  reaction,  malic  ^^^ 
acid  can  be  completely  converted  into  maleic  acid.^ 

When  either  fumaric  acid  ^  or  maleic  acid  ^  is  distilled  with 
phosphorus  pentachloride  fiimanjl  chloride,  G^JQOQl)^  is 
obtained.  This  is  a  mobile  liquid  boiling  at  1G0°,  and  uniting 
with  bromine  to  form  dilfromsuecmyl  chloride,  CoH^Br^fCOCl),! 
a  body  which  is  also  formed  by  heating  succinyl  chloride 
with  bromine. 

A  galvanic  current  passed  through  an  alkaline  solution  of 
fumaric  acid  decomposes  it  into  acetylene,  carbon  dioxide  and 
hydrogen,  which  latter  body  reduces  a  portion  of  the  acid  to 
succinic  acid  ^ 


*  K^'knle,  Jnn,  Chem,  Ph<trfn.  SuppL  L  129. 

*  KvkM  ;  FiUig  and  Pt^tri,  ib.  cxcv.  56. 
'  Fitlij?  and  Dom,  th,  clixxviii,  &7, 

*  LinnemmiD  and  Lovdl,  J  an,  Chem,  Fharm,  cxcii,  82- 

*  Piotet,  Mer.  Dmtaek  Ch^m.  Ges.  xiv,  2648. 

*  Kekiilt^j  Ann.  Chcm.  Pfiarm.  SuppL  ii  SO. 
'  Perk  in  and  Duppa,  ib.  cxii.  24. 

*  Kekul^  Ann,  Ckem,  Pkarm  cxxxi.  84. 
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Fumaric  acid  is  a  powerful  dibasic  acid.  Most  of  its  salts  are 
soluble  in  water,  and  ferric  chloride  produces  in  solutions  of  its 
normal  salta  a  cinnamon-brown  precipitate.  The  normal  and 
acid  fumarates  of  the  alkali  metals  crystallize  easily.  Those  of 
the  alk.iline-eaith  metals  ai^  nut  very  s*ihible  in  water,  and 
are  obUuried  in  crystals  when  hot  concentrated  solutions  of  the 
corresponding  acetates  are  mixed  with  a  solution  of  fumaric 
acid. 

Lead  Fumaraic,  C^HjO^Pb+2HgO,  is  slightly  soluble  in  cold 
and  more  soluble  in  hot  water  and  crystallizes  in  needles. 

Silver  Fnwarate,  CJl^O^Ag^,  is  so  shgbtly  soluble  in  water 
that  the  solution  of  the  acid  in  200,000  parts  of  water  is 
rendered  milky  by  silver  nitrate.  In  more  concentrated  solu- 
tJt'nsitis  obtained  as  an  araorphous  precipitate,  which  in  the 
dry  state  detlagrates  on  heating,  like  gunpowder* 

Nortnal  Ethyl  Fmnarate^  ^^fiP^i^t^^v  ^^  obtained  by 
Hagen  when  endeavouring  to  prepare  the  corresponding  salt 
c^f  malic  acid.  For  tliis  purpose  he  passed  hydrochloric  acid 
gas  into  a  solution  of  malic  acid  in  absolute  alcohol  and  distilled 
the  product.  He  then  also  prepared  it  in  a  similar  way  from 
fumaric  acid.^  Perkin  and  Dtippa  obtained  the  same  comp>und 
by  acting  with  alcohol  on  the  fumaryl  chloride  obtained  from 
malic  acid,  and  Henry  prepared  it  by  distilling  ethyl  malate 
yriiix  phosphorus  pentachloride.*  This  salt  is  also  formed 
when  fumaric  is  heated  to  ISC  wnth  absolute  alcohol,*  as  also 
liy  the  action  of  ethyl  iodide  on  silver  fumamte.*  It  is  a 
slightly  smelling  liquid  boiling  at  218'''5  and  having  a  specific 
gravity  at  1 7^**5  of  r0522,  that  of  its  vapour  being  o'^}  Ethyt 
fumarate  unites  readily  with  bromine  tu  form  ethyl  dibromsuc- 
cinate.  It  decomposes  with  ammonia  f jruiing  fumaframide^ 
C^li^{CO*^Il^^t  a  body  farming  glistening  scales  insoluble  in 
cold  water  and  alcohol. 

AcidMthyl  Fanwraie^orEthyl  Fim4iric.Acid,CJcip^(C^K^0n, 
IB  formed  together  with  the  normal  salt  by  the  methods 
describefi  by  Hagen  and  Laubenheiraer.  It  is  deposited  in 
Uitainea  which  possess  a  fatty  feel,  are  difficultly  soluble  in  cold 
water,  and  fuse  when  gently  heated  (Laubenheimer). 

Mdhyl  Fumarate,  C^HjO^CCHj)^,  forms  colourless    crystals 


*  Ann.*  Ch^m.  Ph^rm^  ixxviii.  274. 

J  lAnlienliitJnitir,  Ann.  Cfutm,  Pharm,  clxiv.  294. 

*  Hubuer  wid  Schreiber,  ZciiMci^,€h^m,  1871,  713. 


*  Ih.  clTi  177. 
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which  are  di6Scultly  soluble  in  cold  but  dissolve  easily  in  hot 
water,  and  volatilize  in  a  current  of  steam,  producing  a  pleasant 
smell.    It  melts  at  102'  and  Vuiil^  at  192°  (Ansrlnif.yL 


MiLLEic  Acid. 

604  This  is  not  found  ready  formed  in  the  vegetable  king- 
dom. It  was,  however,  formerly  supposed  to  occur  in  Eqnisetum 
fiuviatUe;  but  afterwards  the  acid  found  in  these  plants  was 
shown  to  be  its  polymeride  aconitic  acid,  CgHgO^,.  Malcic  acid 
crystallizes  in  rhombic  prisms,  is  very  easily  soluble  in  water, 
and  also  dissolves  in  alcohol  and  ether.  Its  tjiste  is  sour  at  first, 
but  soon  excites  an  unplefisant  senstition  of  nausea.  It  melts  at 
about  130**,  and  the  liquid  solidifies  if  kept  for  some  time  at 
this  temi)eTature,  fu marie  acid  being  formed,  a  change  wluch 
also  occurs  when  it  is  boiled  with  mineral  acids.  It  behaves 
Uke  fumaric  acid  with  nascent  hydrogen  and  hydriodic  acid,  and 
also  yields  the  same  products  on  electrolysis  (Kekule),  It  is 
distinguished  from  fumaric  acid,  inaamuch  as  it  is  attacked  by 
fuming  hydrobromic  acid  in  the  cold,  being  then  converted  into 
equal  molecules  of  monobromsuccinic  acid  and  fumaric  acid 
(Fittig  and  Dom).  Its  action  with  bromine  is  simikr,  inas- 
much as  a  paiir  is  converted  into  fumaric  acid,  some  of  which 
again  unites  v\dth  bromine  to  form  dibromsuccinic  acid.  Another 
portion  of  the  maleic  acid,  however,  combines  directly  with 
bromine  to  form  uodih-mnsucdnic  acid,  C^l^x^{COM)^i  a  b«>dy 
easily  soluble  in  water  and  crystallizing  in  scales  melting  at 
160**,  and  decomposing  into  hydrobromic  and  isobrommaleie 
acids  (Kekule ;  Fittig  and  Petri), 

Tfie  Malmtes,  Most  of  the  maleates  are  soluble  in  water  and 
are  not  precipitated  by  fcrric  chloride.  The  normal  maleates  of 
the  alkali  metals  crystallize  with  difficulty.  The  acid  ones,  which 
and  less  soluble,  crystallize  more  readily.  Those  of  the  metala  of 
the  alkaline*earths  are  somewhat  suluble  in  cold  water,  the  most 
insoluble  being  barium  malecUe,  C^H^O^Ba-f  2HgO,  crystallizing 
in  shining  needles  united  in  stellatt^d  groups.  Maleic  acid  gives 
with  baryta  water  a  granular  precipitate,  which  after  some  time 
is  converted  into  crystalline  scales  (Lassaigne  ;  Pelouze).  The 
acid  salts  are  easily  soluble  and  crystallizable. 

Lead  MakaU,  C^HgO^Pb+SHgO.  Mideic  acid  gives  a  pre- 
cipitate with  solution  of  sugar  of  lead,  which  soon  changes  intn 
Rhi fling  micaceous  lamince. 
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Normal  Silvrr  Malcate,  C^H^O^Ag^,  forms  a  white  amorphous 
precipitate  which  clianges  in  a  few  hours  to  tolerably  large  trans- 
parent colourless  crystals  having  an  adamantine  lustre.  These 
detonate  slightly  on  application  of  a  gentle  heat. 

Aciii  Silver  Maleaie,  C^H^O^Ag,  is  obtained  in  fine  coK>urless 
needles  on  mixing  not  too  dilute  solutions  of  nialeic  acid  and 
Eitrate  of  silver.^ 

MftJiyl  Mahate,  C^HjO^(CHg)2i  is  obtiined  by  tlie  action  of 
methyl  ioihde  on  silver  nialeate*  It  is  a  pleasantly  smelling 
tliquid  boiling  at  205^ 

Ethyl  MahaU^  ^^fiijfi^^t*  ^^  prepared  in  a  similar  way 
and  boils  ut  225*. 

Wlien  these  ethereal  salts  are  heated  with  a  small*  quantity 
t>f  iodine  they  are  converted  into  the  con-esixjiidiiig  salts  of 
■fiimaric  acidj  and  hence  it  is  necessary  in  their  preparation  to 
-employ  the  iodides  in  a  perfectly  pure  state.  Bromine  vapour 
acts  in  the  same  way.  and  they  combine  with  an  excess  of 
bromine  to  form  salts  of  dibromsuccinic  acid. 
►  60s  ^«%'  Oa?wi'(r  or  Maldc  Anhydride,  C^HgO^j,  is  best  ob- 
tained as  follows,  Maleic  acid  is  subjected  to  dry  distillation 
until  the  residue  solidifies;  the  distillate  is  then  evaporated  to 
dryness  and  the  crude  maleie  acid  thus  obtained,  together  with 
fumaric  acid,  is  treated  with  acetyl  chloride  : 

C,H,0,  +  C2H3OCI  =  C,H,03  +  aHsO.OH  +  HCL 

EThe  product  is  purified  by  reciyatallization  from  chloroform 
(Ansclmtzu 

According  to  Perkin  it  is  also  easily  formed  when  malic 
icid  is  treated  with  acetyl  chlorith?  and  tlie  whole  distilled,  when 
|the  excess  of  acetyl  cldoride  first  comes  over  and  next  tlie  acetic 
fccid  wliich  is  formed  in  the  reaction.  It  is  also  formed  by  the 
ictlon  of  silver  fumarate  on  iumaryl  chloride.^  It  crystallizes 
B  needle-shaped  prisms  melting  at  53"  and  boiling  at  202'', 
Its  vapour  has  a  specific  gravity  of  3^40.^  It  passes  easily  by 
ition  of  water  into  maleie  acid  and  combines  with  bromine 
^rm  isodibromsuccmw  anhydride,  C^H^Brj^O^  (Kekule). 
In  order  to  prepare  this  latter  body,  pure  maleie  anhydride 
Is    dissolved   in  anhydrous   chloroform   and   heated   with    tlie 


*  An*hQtz,  Ber.  Dmlsek,  Ch^m.  Oea.  xii.  2280. 

«  Chtni,  Sof,  Journ,  1881,  i.  660,  See  also  Auschilti,  Bet.  IktUsek,  Chem*  Gu, 
I  XIt.  2791. 

*  HUbner  and  Schr«iber.  Z^O/fcA.  Chetti.  1871|  T12, 
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calculated  quantity  of  bromine  to  100**,  After  removing  the 
chloroform,  a  yellow  oil  remains,  and  this  after  a  time,  deposits 
tabular  crystals  melting  at  32°,  This  body  absorbs  moisture 
firom  the  air  with  the  greatest  avidity,  and  on  addition  of 
water  to  it  violent  ebullition  takes  place,  isodibromsuccitdc  acid 
being  formed  and  tliis  is  the  best  way  of  preparing  this  sub* 
Btance  in  a  pure  state.* 

Brommahie  Acid,  C^IL^BrO^,  is  formed  by  boiling  dibrom- 
succinic  acid  with  water.  It  forms  large  transparent  crystals 
melting  at  128°.  By  the  action  of  water  and  sodium  amalgam 
it  is  first  converted  into  fumaric  acid, 

Isohfwnmakic  Acid  is  obtained  in  the  same  way  from 
isodibromsuccinic  acid.  It  crystallizes  in  large  tablets  melting  at 
VIT* — ITH""  and  behaving  with  sodium  amalgam  like  the  fore- 
going compound.  Both  acids  yield  on  distillation  brommaUic 
afdiydridc,  C^HBrO^,  This  is  an  oily  liquid  boiling  at  about 
21 2"^  and  e^isily  combining  with  water  to  form  brommaleic  arii 
This  latter  comjxjund  combines  quickly  in  the  cold  with  fumii^ 
hydrobroraic  acid  t^  form  dibromsuccinic  acid,  and  at  the  sstme 
time  a  portion  is  converted  into  isobrommaleic  acid,  whilst  tlie 
latter  combines  mth  hydrobromic  acid  only  slowly  in  the  cold 
but  quickly  when  heated,  to  form  both  the  dibromsuccinic 
acids.  This  reaction  shows  that  isobrommaleic  acid  is  Irroni- 
fujnaric  acid  (Fittig  and  Petri), 

This  last  substance  combines  only  slowly,  whilst  brommaleic 
acid  unites  quickly,  with  bromine  to  form  tril>romsucci7iic  acid^ 
C2HBr,,(C0gH)j,i  a  body  extremely  soluble  in  water  and  crystal- 
lizing in  short  bushy  needles,  melting  at  ISS" — 1S7**  and  being 
readily  deliquescent.  When  heated  with  water  it  decomposes 
inUi  carbon  rlioxide,  hydrobromic  acid  and  dibromacrylic  acid, 
CjHBro-CO^H  (Petri  and  Fittig). 

6o6  Co7UHtiUUion  of  Fumaric  mid  Malcic  Acids.  After  having 
shewn  that  botli  these  acids  combine  with  hydrogen  to  form 
succinic  acid,  but  that  they  yield  two  isomeric  dibromsuccinic 
acids  when  they  unite  with  bromine,  Kekuk^  discussed  their 
probable  constitution,  and  arrived  at  the  conclusion  that  they 
are  unsaturated  compounds  containing  free  combining  units 
situated  at  different  positions  in  the  molecule,  thus  causing 
their  isomerism.*  But  we  are  now  aware,  as  will  be  explained 
under  tartaric  acid,   that   dibromsuccimo  acid   possesaea  the 

»  Pictet,  Brr.  IkutscK  Chtm,  Oet,  xiiu  ISGIJ. 
'  Ann,  Chem.  Phann,  SuppL  iL  111, 
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eonstitution  C02H,CHBr.CHBr,C0jH  and  hence  the  constitution 
of  the  two  adds  must  be  represented  as  follows : 


Ftttniiric  Acid. 

— CH.COjH 


-A 


Mftleic  Add« 

=:c.co^ 


— CH.CO,H. 


i 


m^,co^n. 


Keknl^  and  Swarts  afterwards  supported  the  view  that  fumaric 
acid  is  a  sfiturated  compound,  the  two  carbon  aU^ms  being 
connected  by  two  combining  units  \Tith  one  another,  whilst  in 
maleic  acid  the  existence  of  free  combining  units  must  be 
a£sumed.^ 

In  the  same  way  Kekiil^  explained  other  cases  of  isomerism 
and  assumed  that  carbon  atoms  which  unite  directly  with 
hydrogen  or  with  the  elements  of  the  chlorine  group,  &c,,  eitlier 
contain  car1>on  atoms  doubly  or  trebly  linked,  or  that  they  con- 
tain free  combining  units. 

The  latter  view  was  afterwards  rejected  by  most  chemists  as 
the  constitution  of  such  compounds  can  be  explained  without 
this  assumption.  According  to  this,  the  constitution  of  the  two 
acids  will  be  as  follows : 


k 


Fumarict  Add, 

CH.COjH 

II 

CH.CO,H. 


Mnleic  Acid* 

CHj 

II 

C(C0,H)2. 


Many  weighty  reasons  may,  however,  be  cited  against  the 
above  formula  for  maleic  acid,  especially  the  fact  that  these 
two  acids  are  so  readily  convertible  the  one  into  the  other. 
Besides,  if  maleic  acid  contain  two  carbi^xyis  crimbined  with  one 
carbon  atom  it  could  not  yield  an  aniiydride  on  healing,  but 
must,  like  isobutyric  acid  and  similar  acid.H,  decompose  into 
carbon  dioxitle  and  monobasic  acrylic  acid,  and  when  it  ctimbines 
with  hydrogen  give  rise  to  isosuccinic  acid. 

Another  hypothesis  of  considerable  probability  has  been  pro- 
pounded by  Van't  Hoff.  According  to  this,  the  isumerism 
cannot  be  explained  by  the  ordinary  graphic^U  formuh«  because 
these  represent  the  atoms  as  arranged  in  one  plane  iu-steod  of  in 
Space.^  If  we  imagine  the  four  combining  tmits  of  a  carbon  atom 
forming  the  comers  of  a  tetrahedron  in  whose  centre  the  atom 


*  ZciUchrifi.  Chfm,  [2]^  iii,  654. 

•  Lagerung  der  JUmw  in  Raume, 
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is  situated,  we  then  obtain  the  following  glyptic  formula  for 
succinic  acid : 


CO|H 


cojir 


In  this  no  cases  of  isomerism  can  occur.  If  the  atoms  of 
hydrogen  or  the  carboxyls  which  are  combined  with  one  of  the 
carbon  atoms  are  arranged  in  another  way,  we  obtain  the 
above  figure  again  by  turning  the  tetrahedron.  If,  however, 
two  atoms  of  hydrogen  be  withdrawn  from  succinic  acid  the 
two  following  isomeric  acids  are  possible : 


Famaric  Acid. 


C'O^I 


CO,H 


Fittig,  who,  with  his  pupils,  has  investigated  these  acids  very 
completely,  comes,  however,  to  the  conclusion  that  maleic 
acid  contains  free  combiniog  units  and  gives  the  following 
formulae : 

Fumaric  Acid.  Maleic  Acid. 

CH.CO,H  CILCO,H 

II    '  r  ' 

CH.COjH,  =C.CO,H. 

The   varying  reactions  of  bromine,  hydrobromic  acid,  &c.y  can 
thus  bo  explained  in  a  simple  way,  as  well  as  the  fact  that 
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dibroiDsucciDic  is  converted  into  brommaleic  acid  by  the 
separation  of  hydrobromic  acid,  wbilst  isodibromsucoinic  acid 
on  the  other  hand  is  converted  into  bromfumaric  acid  aa  i» 
shown  as  follows  :  ^ 


Dihrnmsiiccinic"  Aciil. 

OHBr.CO.H 


i. 


JHBr.COjH, 

Brommaleic  Acid, 

CHBr.COjH 

=c.co,a 


leodibromsucduic  Acid, 

CH-COjH 

I 
CBrs.CO,H. 

Bromfumaric  Acid. 

CH.CO.H 

II 

CBr.CO^ 


DIOXYSUCCINIC  ACID,  OR  TARTARIC  ACID, 

C,H,(OH)j(CO,H)^ 

607  The  substance  known  under  the  name  of  cream  of  tartar, 
gradually  deposited  from  gra|K^-juice  on  standing,  is  the  acid 
potai^sium  salt  of  common  tartaric  acid.  The  existence  of  this 
subject  was  noticed  by  the  Greeks,  who  termed  it  rpv^^  or 
wiue-lees,  and  it  was  known  t^  the  Romans  as  facx  vini,  the 
latter  people  being  acquainted  with  the  mode  of  preparing  an 
alkali  frum  it  by  ignitiun.  The  alchemists  of  the  eleventh 
century  termed  it  laHaru/n,  or  afterwards  tarttims,  an  expres- 
sion derived  from  the  Arabic  tartir,  a  word  which  is  used  to 
designate  not  only  the  powder  depusitL*d  by  wine,  but  ako  that 
formed  on  the  teeth.  Tliis  word  *'  tartanis  '*  was  afterwards  used 
in  several  senses.  Paracelsus  gave  to  it  two  distinct  interpreta- 
tions ;  in  the  first  place  he  signified  by  this  the  cause  of  the 
diseases  of  the  kidney  and  liver,  gout  or  stone,  in  which  sedi- 
ments or  concretionary  masses  are  deposited,  in  the  same 
sort  of  way  that  tartar  separates  out  from  wine.  In  the 
second  place,  however,  the  term  was  applied  to  the  pains  produced 
by  the  disease,  resembling  the  torments  of  the  condemned  in 
Tartarus*  Geber  gave  to  the  juice  of  wine  containing  cream 
of  tartar  in  solution  the  name,  like  other  acids,  of  aqua 
(ii$solreng,  or  a<pjta  dusolvata^  and  compired  it  in  this  respect  to 
vinegar,  and  so  for  a  long  time  cream  of  tartar  was  supposed 
to  be  a  true  acid.  Thus  in  the  Prussian  Pharmacopoeia  of  1781. 
'  Aim,  CTUrn.  Pkarm.  dxxxviil.  95 ;  excv*  50. 
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purified  cream  of  tartar  was  designated  acidiim  iartarL         ^^ 
was  not  believed  that  this  salt  itself  contained   the  alkali*     ^^ 
rather   that   the   alkali   was   produced  in  the  act  of  bun":*^?* 
although  Kunkeli  in  1677,  had  shown  that  cream  of  tartar     *^ 
be  converted  into  an  alkali  hy  boiling  it  with  lime,  its  ear^^'^y 
constitueots   being   rendered    insoluble.      Similar   observati  ^^^^ 
were  raatle  by  Duhamel  and  Qrosse,  in  1732,  who  believed  t.^^*^ 
the  potasshun  tartrate,  formed  at  the  same  time,  was  tartrate       ^ 
lime.      Marggraf,  in    1764,  then   showed  tliat  cream  of   tar  -^^'^ 
contains  an  alkali,  but  he  did  not  determine  what  combines  w^^* - 

the  lime  wht-n  the  salt  is  boiled  with  this  alkaline-earth,    Schee^ ^ 

in  1760,  was  the  first  to  ascertain  this  point  and  to  obtain  _ 
taric  acid  by  decomposing  its  insoluble  lime  salt  with  sulphur"*^^  " 
aoid,  and  it  is  to  him  we  owe  the  first  satisfactory  investigs^'S^^ 
lion  of  this  acid  and  its  salts.     The  results  of  his  experimenr  ^-^ 
wiere  communicated  to  Bergman  in  order  that  he  might  la-^^^   ^ 


them  before  tlie  Stockholm  Academy.     This»  however,  througt" 


g^ 


iS, 


carelessness  he  failed  to  do,  and  in  consequence  Scheele  wrot»^*'^-^ 
the    Memoir   again,    handing   it  over   to  the  secretary  of  th»*-^_^. 
Academy,  Retziua.     At  liis  request  it  was  then  printed,  in  17700^^    ', 
but  it  was  so  edited  that  much  of  the  credit  of  the  rea^ArcteJ'^-^^'^ , 
apparently   belonged    to    Retziua.*      This   was  Scheele s  fin 
scientific  paper,  and,  owing  to  the  part  Bergman  took  in  this^s-i'^^ 
matter,  Scheele  for  some  time  declined  to  make  his  acquaintance. 
This  feeUng,  however,  soon  gave  place  to  more  amicable  relations, 
and  eventually  they  became  fast  friends.    Soon  after  Scheele's 
discovery,  tartaric  acid  was  manufactured  on  a  largo  scale. 

Professor  John  of  Berlin  described  in  his  Dictionary  of 
Chi'miMry,  publisherl  in  1819,  a  new  ''San re  aus  den  Voghesen/* 
which  came  into  commerce  as  oxalic  acid,  and  which  he  at  first 
believed  to  be  a  mixture  of  oxalic  and  tartaric  acids,  but  after- 
wards found  that  it  consisted  of  a  single  acid  closely  resembling, 
and  yet  distinctly  different  from  tartaric  acid.  When  on  a 
subsequent  occasion  Gay-Lussac  passed  through  Thann  in  the 
Voges,  he  obtained  some  o(  this  acid  from  the  manufacturer 
Kestner,  tlds  having  been  obtained  in  the  years  1822 — 1824  as  a 
by-product  in  the  preparation  of  tartaric  acid  In  1826  on  his 
return  to  Piiris  Gay-Lussac  investigated  this,  and  fount!  that  it 
was  a  peculiar  substance,  '*  its  stochiometrical  number  freeing 
however  within  a  few  thousandths  with  that  of  tartaric  acid.**  ^ 

^  Abh.  Schir^tf.  Akad.  Wvi^mtm^,  1770,  207  j  CrdU  Ckm,  Jiwm.  it  in. 
•  Sehweigg*  Jmim,  xMiL  881. 
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le  same  time  Walchner  occupied  kimself  witb  the  iovesti- 
n  of  the  same  body,^  t<i  which  Gmelin,  iii  1821),  gave  the 
I  of  raceniic  acid  (Trauheiisaiire),  aaJ  soon  id'terwarda 
^tis  showed  that  it  possesses  the  same  composition  as 
ric  acid,  and  tlus  w^as  t lie  first  instance  of  the  iutroJuction 
e  idea  of  isomerism  into  the  science,^  Biot  then  showed 
tartaric  acid  and  racemic  acid  act  optically  ditftjrently,  for 
t  the  aqueous  solution  of  the  first  rotiites  the  plane  of 
ized  light  to  the  right,  the  hitter  is  altogether  inactive.* 
^as  shown  by  Pasteur  to  be  due  to  the  fact  that  racemic 
^^BpDip<Jund  of  equal  molecules  of  couimun  tartaric  acid 
^KKmt  iicid  which  deviates  tlie  plane  of  polarized  light  as 
JKo  the  left  as  the  first  one  does  to  the  right,*  He  ako 
Sa  that  another  inactive  tartaric  acid  exists  which  is  dis- 
isheil  from  racemic  acid,  inasmuch  as  it  cannot  be  decom* 
I  into  two  optically  active  modifications,  and  he,  as  w^ell  as 
•  chemists,  further  proved  that  the  various  taitaric  acids 
be  converted  the  one  into  the  other*  This  matt-er  will  be 
er  discussed  hereafter. 

le  modifications  of  tartaric  acid  are  also  formed  in  the  oxida- 
by  nitric  acid,of  various  kinds  of  sugars  and  other  carbo 
ates  {set  Sugars). 

•8  Synthetical  Froductwn  of  Tartaric  Acid.  Tartaric  acid 
be  obtained  synthetically  by  several  prucesses,  (1)  When 
diver  salt  of  dibromsucciuic  acid  is  boEed  with  water  the 
wing  reaction  takes  place  : 


CHBr 


CHBr 


+     2H,0     = 


COaH 

I 
CH.OH 

caoH 

CO,H 


+     2AgBr. 


istead  of  the    above    i^eaction    the   calcium    salt   may  be 
sd  with  lime  water.^ 

he  acid  obtained  from  dibromsuceinic  acid  is  a  mixture  of 
mic  acid  and  inactive  tartaric  acid  or  mesotartaric  acid.^ 

Mfpeiatr,  Juum.  xVix.  238.  *  Pogg,  Ann,  xix,  819. 

Wt,  Chim,  Fhtj6.  [2],  Ixix.  27. 

ffpi.  xjciv.  442  ;  xxriii.  &6  ;  Cmnptes  Kendus,  xxxvL   26  ;  xxxrii-    162 ; 

i^o  Pog.  Ann,  ]jjcx.  127  ;  xc.  498,  50i. 

ieVM^  Ann^  Chem,  Ffmrrn,,  cx^ii.  124  f  Supph  L  S75 ,'   Perkiti  and  Xhippo, 

:viu  130, 

!kH|teiir,  lb,  Suppl  ii.  242 ;  Jungflebcb»  BuiL  Soc.  Cfhivw  [2],  xix,  10S, 
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Conversely  tartaric  acid  when  treated  with  hydriodic  acid  is 
converted  into  the  corresponduig  modification  of  nmllc  acid,  and 
afterwards  reduced  to  succinic  acid, 

(2)  An  acid  is  obtained  very  similar  to  racemic  acid  hy  boiling 
03calaldehyde  (glyoxal)  with  hydrocyanic  acid  and  hydrochloric 
acid,^  but  this  acid  is  not  capable  of  being  decomposed  into 
dextro-  and  liBvro-rotatory  acid,*  Its  mode  of  formation  is 
similar  to  that  of  lactic  acid  from  aldehyde,  and  is  reprcjsented 
thus: 


COH 

I  -h  2CNH  +  2HCI  +  4H,0 

COH 


CO.OH 

CH.OH 

I  -f  2NH,CL 

CBLOH 

COj 


i.OH 


(3)  It  has  already  been  stated  that  au  acid  probably  identical 
with  tlie  foregoing  is  formed  together  with  glycollic  acid,  when 
an  alcol)oUc  solution  of  ethyl  oxalate  ia  treated  with  sodium 
amalgam.^  In  this  way  ethyl  glyoxylate  is  doubtless  formed  to 
begin  with : 

CO,OCjH,  COH 

CO.OC^H,  CO.OCjH^ 

A  part  of  this  tlien  combines  with  hydrogen  to  form  ethyl 
gl)Xolate,  but  another  part  taking  up  only  one  atom  of  hydrogen 
forms  the  unsaturated  molecule,  CH(OH)CO,OC5jH5,  two  of 
which  combine  together  to  fonn  ethyl  tartrate.  This  reaction 
is  of  great  importance  as  carbon  dioxide  is  easily  converted 
into  oxalic  acid,  and  this  in  a  simple  way  into  glycollic  and 
tartaric  acids,  these  two  latter  occurring  together  in  plants, 
as  for  example  in*  the  turnip,  grape,  and  in  the  leaves  of  the 
Virgin ian  creeper. 

*  StTPcker,  J^fiiwh,  Chfrr^  1868»  216, 

•  Stiidel,  Bar.  Ikvisck  CVm.  Qa^.  id.  1752. 
■  Debus,  JouTHi  Chcrn,  Soc,  xxr.  3d5« 
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COMMON,  OR  DEXTRO-ROTATORY,  TARTARIC 

ACID, 

609  This  acid  is  widely  distributed  in  the  vegetable  kingdom, 
occurring  in  the  firee  state  or  in  the  form  of  a  salt,  especially  as 
ueid  potassium  tartrate,  in  various  fruits,  frequently  together 
"witb  lualie  acid.  It  is  found  in  the  berries  of  the  mountain-ash, 
the  berries  of  the  sumachs,  in  tamarinds,  in  mulberries,  pine 
sipples,  &c.  It  also  occurs  in  the  sap  of  the  vine,  and  in  large 
quaotities  in  the  juice  of  the  grape.  Wine  produced  from  the 
latter  source  gradually  deposits  crude  argol  in  crystalline  crusts, 
and  this  consists  chiefly  of  acid  potassium  tartrate,  but  also 
(Contains  calcium  tartrate  and  the  corresponding  salts  of  the 
idomeride,  racemic  acid.  Its  presence  has  also  been  detected  in 
potatoes,  cucumbers,  ckelidonium  majas,  quassia,  Iceland -moss, 
fclack-pepper,  madder-root,  &c. 

Ai^^ol  is  always  used  for  the  preparation  of  tartaric  acirl,  the 
method  being  almost  exactly  that  originally  proposed  by  Scheele, 
Imt  more  accurately  described  by  KJaproth,*  Respecting  the 
manufacture  Wurtz  gives  the  following  particulars.^ 

From  500  to  7U0  kilograms  of  cnide  argol  are  brought  into 
a  large  vat  nearly  filled  up  ^ith  water  and  the  whole  heated 
irith  steam  to  tbe  boiling  puint,  and  then  cbalk  powder 
added  until  almost  neutniL  Tlie  calcium  tartrate  is  then 
filtered  off,  and  the  solution  precipitated  with  calcium  chloride. 
Gypeuni  may  also  be  employed  instead  of  chalk  ;  it  of  course 
acts  more  slowly,  but  decomposes  the  pottijssium  tartrate 
after  lapse  of  a  few  hours.  Calcium  tartrate  prepared  ac- 
cording to  one  of  these  processes  is  then  washed  with  water 
and  decomposed  by  an  excess  of  sulphuric  acid,  the  whole  being 
heated  by  steam  up  to  75".  The  solution  is  concentrated  in 
leaden  pans  and  allowed  to  cool,  wben  the  crystals  separate  out, 
and  these  are  dried  in  a  centrifugal  machine.  Fresh  crops  are 
obtained  on  concentrating  the  mother-liquor,  imtil  it  becomes 
too  impure,  when  it  is  worked  up  again  as  raw  material. 
In  order  to  purify  the  crude  acid  it  is  dissolved  in  warm  water 
and  decolourized  by  addition  of  animal  charcoal,  the   whole 


1  /)tw.  di  aalfi  csamtiali  taiiari,  Giitlinfjrnt  1779. 

•  Vhtm.  CefUralb.  1871.  713  :  Bt^r,  Kn(w.  Chcvi,  Ind,  ii.  418. 
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filtered,  a  small  qnatitity  of  sulphuric  acid  added>  and  the 
solution  concentrateil  to  the  point  of  crystallization.  Wooden 
vessels  are  used,  generally  covered  with  a  lining  of  lead.  The 
addition  of  sulphuric  acid  improves  the  form  and  size  of  tlie 
crystals  as  required  for  market.  The  crystals  always  contain 
small  quantities  of  lead  and  sulphuric  acid*  For  pharmaceutical 
purposes  they  are  purified  by  recrj^stallization  from  h»it  water. 

Another  raw  material  employed  for  the  preparation  of  tartaric 
acid  is  the  wine-lees  left  beliind  in  the  distillutiun  of  hrandy. 
This  is  heated  with  dilute  hydrochloric  acid,  allowed  to  deposit, 
the  clear  liquid  pjured  off,  and  the  whole  neutralized  with  Ume, 
when  calcium  tartrate  fidls  down  and  is  worked  up  in  the  way 
above  describ^^d. 

6io  Pnifxrtus.  Tartaric  acid  crystallizes  in  large  transparent 
raonoclinic  prisms,  having  a  specific  gravity  of  V704.  These, 
like  sugar,  become  luminous  when  rubbed  in  the  dark,  and 
they  possess  a  strong  purely  acid  taste.  100  ptuts  of  water 
at  15*  dissolve  138  parts  of  the  acid,  and  it  is  stiU  more  soluble 
in  hot  water.  It  is  also  readily  soluble  in  alcohol ;  100  parts 
of  absolute  alcohol  at  15**  dissolve  20385  parts  of  the  acid, 
whilst  dilute  alcohol  dissolves  it  the  more  readily  the  weaker  it 
is.  On  the  other  hand  it  is  only  slightly  soluble  in  ether,  100 
parts  of  the  liquid  dissolving  at  15*  only  0*393  part,^ 

It  has  already  been  stated  that  aqueous  solutions  of  tartaric 
acid  deviate  the  ray  of  polariztnl  light  to  the  right.  Mineral 
acids  diminish  this  rotatory  power,  and  its  solutions  in  wood- 
epirit,  alcohol,  and  acetone,  exert  only  a  weak  dextro-action, 
whilst  a  solution  in  anhydrous  ether  or  acetone  is  slightly 
lae\T:o-gynit<jry,^ 

Tartaric  acid  melts  at  135*.  first  passing  into  its  isomeride 
metat^rtaric  acid,  and  this  when  more  strongly  heated  yields 
with  loss  of  water  an  anhydride-like  compound.  These  bodies 
will  be  afterwards  described.  When  tartaric  acid  is  subjected 
to  dry  distillation,  acetic  acid,  pyronicemic  acids,  C^H^O^,  pyn> 
tartaric  acid,  C^H^O^,  and  pjrrotritartaric  acid,  C,HjjO^  are 
formed.  In  addition  to  these,  carbon  monoxide,  carbon  tiioxide, 
aldehyde,  formic  acid,  acetone,  &c.,  are  formed,  and  also  in  very 
small  quantity  diiryrotdracctom  C^jH^^O^  an  aromatic  smelling 
liquid  which  boils  at  230^« 

*  BoTirgOfiik,  BM,  Soe.  Chim,  [2],  xiix.  244. 
'  Lftndolt,  Ikr^  DeiUsek.  Ch^^n,  GfJi.  riii,  2S2«>. 
■  Bottrgoin,  BulL  Soc  Chim,  [2],  xiLl  809, 


t 


THE  TAKTBATES. 


223 


en  tartaric  acid  is  treated  with  phosphorus  pt'ntachJoride 
ioJttfl  chloride  is  formed  : 

aH)/CO.OH),  +  4PCl,=C,HCl(C0Cl)j  +  4POCI3+ 5HCL 

^a  heavy  oily  liquid  decomposed  by  water  into  cMor- 
nd,  C^HC1(C0^H)2,  a  body  crystallizing  iu  easily  soluble 

$t  oxidizing  agents  convert  tartaric  acid  into  formic  acid* 
if  5  parta  of  the  well-dried  acid  be  triturated  with  10  parts 
1  dioxide  the  maiss  becomes  incandescent,  and  carbon  dioxide 
hred,  having  a  smell  of  formic  acid.^  When  tiirtaric  acid 
led  with  potash  or  ammonia  and  silver  oxide,  the  latter  is 
ed,  with  formation  of  carbon  dioxide  and  oxalic  aciil^  In 
golutioii  it  idso  reduces  the  chlorides  of  gold  and  platinum 
lecipitates  calomel  from  solutions  of  corrosive  Bublimate, 
tartaric  acid  be  fused  vdth  caustic  potash,  acetic  and  oxalic 
^^  formed,  and  when  electrolyzed  it  yields  hydrogen, 
Bnioxide,  and  acetic  acid,* 
taric  acid  is  used  in  medicine^  in  the  processes  of  dyeing 

Eing,  in  photography,  &c. 
j 
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tartaric  acid  is  a  strong  dibasic  acid  and  therefore  forms 
^  number  of  salts,  which  have  been  very  carefully  inves- 
^P  Besides  the  acid  and  normal  salts  containing  the 
B^tal,  many  are  known  cont-uning  two  different  metals,  and 
Rfew  so-caJled  basic  salts  in  which  the  hydrogen  of  the 
olic  hydroxyls  ore  also  replaced  by  metals.  Tartaric  acid 
forms  with  antimony  and  other  triad  elements,  a  chiss 
Eir   compmnds  whose   constitution   will   be   discussed 

^r.     Tlie  tartrates  are,  like  tartaric  acid  itself,  dextro- 


Cfn  and  Dupi>ii»  Phil.  Mag.  [i],  xvu,  280. 
•Iker,  Po>jq.  Ann,  v.  636  ;  Bottler,  Journ^  PrakL  (Them,  viii  477  (or  4f>7). 

Rn,  Ann,  Phanru  xxi*  14  j  Clnus,  Ber.  Dcutteh,  Clmti,  0-h.  viii.  fioO, 
Ann,  Chetm  Fhamu  czxxi  88 ;  Boiargoin,  BulL  Soc  CMm.  [2%  xi. 
[wit.  Pharrn^  ii.  80  ;  BerzeHtiii»  ih.  xxx.  88  ;  rxxi,  28  ;  Ktinpp,  xxxii. 
"crthrr,   tft.  liL  508 ;  Dumas  and  Piria,  Ann,   Chim.  Phy*.  [3}»  v.    353  ; 
inn^  CfiiuK  Pht/s,  [S],  xiL  562  ;  dft  k  Provastaye,  Ann,  Chim.  Phy$,  [3J, 
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Normal  Potamnm  Tartrate,  2C^H^O^K2^H50,  haa  been 
kno^\^l  since  the  sixteeuth  century,  and  was  formerly  t.  ' 
sara€4:h  ParaceM^  but  afterwards  when  obtained  by  neutj;> 
cream  of  tartar  with  salt  uf  tartar  (carbonate  of  potash),  it  wm 
termed  iartarm  tnriarLialiis,  or  tartanis  &oluhiti8.  It  waa  like- 
wise prepart^d  by  neutralizing  creara  of  tartiir  with  liine»  which 
was  thought  to  remain  in  combination  with  the  tartar,  until  the 
researches  of  Marggraf  and  Roulle  proved,  in  1770,  tliat  the 
salt  obtained  by  this  method  also  contains  no  base  but  potash* 
It  forms  monoclinic  prisms  easily  soluble  in  water,  and  is  used  iu 
medicine. 

Acid  PotaMittm  Tartraie^  C^H^O^KH,  is  depouitod,  in  the  pro- 
cess of  fermenting  \^ine,  in  crystalline  crusts  containing  colour- 
ing matter  and  calcium  tartrate,  and  is  koown  in  commerce  as 
argoL 

In  order  to  jiurify  the  crude  tartar  it  is  dissolved  in  hot  water, 
and  tlie  filtered  solution  allowed  to  cool.  The  deposited  crystals, 
which  are  still  coloured,  are  again  dissolved  in  hot  water  and 
recrj-stallized,  some  clay  or  white-of-cgg  being  added  in  order  to 
absorb  the  colouring  matter.  A  small  quantity  of  carbonate 
of  potash  is  also  introduced  in  order  to  decompose  any  calcium 
tartrate  which  may  be  present.  This  latter  salt,  which  fre- 
t|uently  occurs  in  purified  cream  of  tartar,  is  best  removed  by 
heating  it  with  diluted  hydrochloric  acid  and  washing  with 
water, 

Tlie  crude  tartar  may  also  be  dissolved  by  carbonate  of  soda, 
filtered  and  precipitated  witli  hydrochloric  acid. 

Pure  cream  of  tartar  forms  hard  rhombic  crystals,  having  a 
pleasant  sour  taste,  and  being  soluble  at  the  ordinary  temperature 
in  about  200  part^  of  cold,  and  iu  15  parts  of  hot  water.  It  is 
still  less  soluble  in  dihite  alcohol,  for  which  reason  it  is  depositc»d 
in  the  fermentation  of  wine.  It  is  used  for  the  preparation  of 
pure  potassium  carbonate,  in  soldering  silver,  in  the  processes 
of  tinning  and  silvering,  in  dyeing,  and  for  medical  puqx^ses,  &c. 

6i2  Normal  Sodium  Tartrate,  C^H^O^Na^  4-  SH^O,  crj^stallizes 
in  needles  or  rhombic  prisms,  easily  soluble  in  water.  The  acid 
salt  crystallizes  with  one  molecule  of  water,  also  in  the  rhombic 
system.  It  ia  much  more  soluble  in  water  than  the  correspnulnitr 
potassium  salt. 

FotoHsium  Sodium  Tartrate,  C4HjO^KNaH-4H.jO,  was  dis- 
covered in  1672  by  Seignette.  an  apothecary  in  Rochelle,  and 
termed  after  him  Seignette's  salt  {ml  polychrestum  Seiifmtit),  or 
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^Kochelle  salt    The  mode  of  preparation  of  this  salt,  which  was 

^festeemed  as  a  very  valuable  medicine,  was  kept  a  secret  until 

^^P^^^l'l  J  *bc  same  chance  by  which  Seignette  discovered  it  made 

it  known  to  others.     This  consisted  in  the  use  of  soda  in  the 

-plsuce  of  some  of  the  potash^  the  differences  between  tlie  two 

^^Ikalis  not  being  then  recognised.     Boulduc  obtained  the   salt 

Bbi    1731,  and  in  the  same   year  Oeoffroy  oommunicated  the 

proofs  of  manufacture  to  the  Royal  Society,^ 

I  In  order  to  prepare  it,  a  boiUng  solution  of  carbonate  of  soda 
is  neutralized  with  cream  of  tartar,  and  the  concentnited  solution 
Allowed  to  cooh  The  salt  crystallizes  in  large  rhombic  prisms 
which  dissolve  readily  in  water.  It  is  used  as  a  mild  aperient 
And  also  for  silvering  glass  (Vol.  11. ,  Part  L,  p.  364). 

Ncrnnal  Lithium  Tartrate  forms  an  easily  soluble  uucrystal- 
lizable  mass.  The  acid  salt,  C^H^OgLiH  -f-  H^O,  deposits  in 
small  rhombic  crystals  which  easily  dissolve  in  water. 

The  Tartrates  of  Jtuhidiiim  and  Ccemum,  The  acid  salts  of 
these  metals  resemblo  the  potassium  salt,  but  are  more  easily 
soluble^  especially  that  of  csesium,  the  normal  salt  of  which  is 
deliquescent.  Upon  these  properties  Bunsen  has  f>unded  a 
method  for  separating  these  two  metals  (Vol  II,,  Part  I,,  p.  172)» 

613  Calcium  Tartrate,  C^H^O^Ca  -f  4:Kfi,  is  found  in  the  vege- 
table kingdom,  as  in  grapes  and  senna  leaves.  It  forms  rhombic 
pyramids  or  prisms,  and  is  obtained  as  a  crystalline  precipitate 
when  a  solution  of  a  normal  tartrate  is  mixed  with  one  of  calcium 
chloride*  The  hyd rated  salt  dissolves  in  6,265  pirts  of  water 
at  15",  aud  in  352  pirts  at  100^  The  tiurtrates  of  the  alkali 
metals  dissolve  it  with  formation  of  double  salts.  It  is  soluble 
in  amaioniacal  salts  and  in  alkalis*     Boiled  in  alkaline  solution 

I  it  separates  out  as  a  jelly. 
Acid  Calcium  Tartrate,  (QJ{f)^J^R^  occurs  according  to  John 
in  the  fruit  of  the  Mhus  iyphinum,  and  is  formed  when  the 
freshly  prepared  normal  salt  is  dissolved  in  a  hot  solution  of 
tartaric  acid.      It  forma  rhombic  crystals  dissolving  at  15"  in 
140  parts  of  water. 
Normal  Barium  Tartrate^  C^H^O,jBa  +  H,0,  is  obtained  as  an 
ftmorpbous  precipitate  which  soon  becomes  crystalline.     It  is 
Stimewhat  more  soluble  in  water  than  the  calcium  salt,  whilst 
strontium  tartrate,  Cfifi^Sr  +  ^B^O,  is  still  more  soluble,  and 
crystallizes  in  rhombic  tables. 
Lead  Tartrate,  G^Hp^Pb,  is  precipitated  by  tartaric  acid  from 
>  Fhil.  Trun*.  iibridg^'d  voh  u.  893. 
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a  soluble  lead  salt  as  a  crystaUiue  powder*     It  is  scarcely  8 
in  water   but  dissolves  readily  in   tartaric  acid,  alkalii,  tail 
ammonium  salt^     Wheu  its  ammoniacal  solution  is  boiy  1 1 
crystalline  precipitate  of  CJ3^{0^h){C0^)^h'^B^0  is  formed,] 
insuhible    in    water,   acetic    acid,   and    ammonium  salts^ 
dissolving  in  caustic  potash. 

Copjjer  Tartrate,  C^H^O^jCu+SH^O,  is  formed  by  predpiUUmg 
copi>er  sulphate  with  a  normal  tartrate.  It  is  a  greeuisb-biiw 
crystalline  powder  di^^solving  slightly  in  cold,  but  more  readily  ia 
bot  water,  and  readily  in  tartaric  acid.  It  dissolves  in  alkalis 
with  a  deep  blue  colour.  Hence  copper  salts  are  not  precipiukd 
in  presence  of  tartaric  acid  by  caustic  potash,  &c,,  each  mokcde 
of  acid  being  able  to  bold  in  solution  one  atom  of  copper,^ 
this  being  due  to  the  formation  of  the  salt,  (CHO)jCu(OOjKlf 

Siiirr  Tartrate,  C^B^fi^Ag^^  is  obtained  as  a  curdy  precipitote 
by  precipitating  silver  nitrate  with  Rochelle  salt*  If  wim 
solutions  are  used  it  separates  out  in  glistening  scales.  It  woit 
blackens  on  exiwgure  to  light,  and  is  partially  decomposed Vf 
billing  water,  and  completely  decomposed  in  the  presence  "f 
ammonia  with  separation  of  silver. 

J7/€  Tarlralcii  of  Iron.  Ferrous  tartrate,  C^H^O^Fe,  is  obtainei 
by  continuously  b«:iiling  together  tartaric  acid,  iron  filings,  bB^ 
water.  It  is  a  white  crystalline  powder  which  is  scarcely  solubU 
even  in  boiling  water.  Potassium  ferrous  tartrate  is  the  chia* 
constitueot  of  Tartarus  dial jf  hat  us  s.  fomitus,  the  preparatioi*^] 
of  which  was  described  by  Angelus  Saia  in  the  seventeenth 
century  in  his  Tariarohgia.  This  s^ilt,  which  is  used  for  bath«, 
is  prepared  by  taking  I  part  of  iron  filings  and  5  parts  of  com- 
mercial cream  of  tartar,  boiling  these  with  water  to  a  paste,  and 
allowing  the  wliole  to  stand  until  a  homogeneous  black  mass  is 
formed,  which  is  then  dried 

Ferric  tartrate  is  obtiiined  by  dissolving  freshly  precipitated 
ferric  hydroxide  in  tartaric  acid.  Tbe  brownish-green  solution 
decomposes  on  wanning  with  seimration  of  a  basic  salt,  and 
in  the  air  is  partly  reduced  to  ferrous  salt.  The  solution  is 
not  precipitated  by  alkalis.  Tartaric  acid  also  prevents  the 
precipitation  of  salts  of  other  metals  of  the  iron  group,  as  those 
of  chroininm,  a]umiuium»  copper,  zinc,  and  lead,  inasmuch  as  it  j 
forms  soluble  double  salts.* 

614  Tartrates    of   Antimony.     The    best   known  of   these  ] 
is  Potassio-AnUmoiiimis    Tartrate    or    tartar  emetic   (iariaruii 

*  Stodeler  and  Erause,  Jakreab,  1854.  716.         *  StMeler  and  Kmoiej  toe.  ed;  , 
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«we/ic!i«.  or   (atiarus  stibiatus),  2C^H^Oo(SbO)K+H,0,  which 

^ixra&   used   even    in    early  times   as   a    mediidne.      The    first 

xiiention  of    this    salt  is    found    in    Mynsicht^s   niesaunis  et 

Armamentarium  Medica-chymicum^  in  1031,  which  contains  a 

3^*ceipt  for  boiling  cream  of  tartar,  with  crocus  mctallorum  ahstn- 

ikiacus  (the  product  obtained  by  lixiviating  the  mnm  obtained 

by   roasting    sulphide    of  antimony  with  salts  of  wormwood), 

fiitering  the  boiling  solution  and  allowing  it  to  crystallize.     In 

his  FuTfii  navi  Fhilosophici,  published  in  1648,  Glauber  describes 

the  prepsiration  of  this  salt  from  flowers  of  spiessglas  and  cream 

of  tartar,  and  at  a  later  period  a  large  number  of  other  processes 

became  known  for  its  preparation.     Bergman  was  the  first  to 

make    known   its  constituents   in    his  Dwsertatio  de  iartaro 

ajUimoniato,  published  in  1773* 

In  order  to  prepare  tartar  emetic  5  parts  of  purified  cream  of 
tartar  are  boiled  with  50  parts  of  water  and  4  parts  of  antimony 
trioxide,  prepared  from  the  chloride  by  precipitation  with  water 
and  treatment  of  the  precipitate  with  carbonate  of  soda.  The 
whole  is  then  allowed  to  stand  and  crystaUize,  It  forms  rhombic 
prisms  with  pyramidal  faces,  ami  dissolves  at  the  ordinary 
temperature  in  about  15  parts  of  water,  and  at  the  bi>iliiig  point 
in  2'8  parts.  The  crystals  slowly  effloresce  on  exposure  to  air, 
and  at  100°  quickly  fall  to  a  white  powder.  When  the  anhydrous 
salt  is  heated  to  200—220°  it  loses  water,  and  is  converted  into 
the  compound  C^H^O^SbK.  a  body  which  dissolves  in  water 
with  reformation  of  tartar  emetic*^  Tartar  emetic  is  used  in 
medicine  in  doses  from  0  006  to  0  01  gram,  as  it  acts  as  a 
sudoriBc,  but  in  doses  from  0*06 — 0  2  it  acts  as  an  emetic,  and  in 
larger  doses  produces  prisonous  effects  w^hich  may  become  fatal. 
The  view  which  is  now  generally  adopted  respecting  the  con- 
stitution of  tartar  emetic  is  that  it  is  derived  from  tartaric  acid 
by  the  replacement  of  the  hydrogen  of  the  carboxyl  by  an 
equivalent  quantity  of  the  monad  radical  antimonyh  SbO. 
B^cent  investigations  by  Clarke  and  Helena  Stallo,*  have, 
however,  led  to  another  explanation.  When  barium  chloride  is 
added  to  a  solution  of  tartar  emetic,  a  precipitate  of  the  well- 
known  corresponding  barium  salt  is  thrown  down*  If  this  be 
decomposed  by  the  requisite  quantity  of  dilute  sulphuric  acid,  a 
solution  is  obtained  which  when  neutralised  with  potash  again 
yields  tartar  emetia    The  acid  solution  is  extremely  unstable* 

J  Duma*  Mid  Piria,  Ann.  Ohem.  Fha^m,  xHv,  6S ;  Scliifl',  i*.  crxv.  12d. 
>  B<r,  DaU9ck.  Chom,  Gts.  xiii.  1788. 
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decomposing  quickly  with  separation  of  antimomous  acij 
Sl)(OH)j|.  Hence  it  is  very  probable  that  this  is  a  peculiar  acii 
(of  which  tartar  emetic  is  the  p:ptassium  salt),  haying  the  foUc 

constitution  : 

C,H,(OH)/gg;g>Sb.OH 

When  tartar  emetic  is  dissolved  in  a  solution  of  tartaiic  aci 
and  the  whole  evaporated  to  a  syrup  and  slowly  cooled,  colauil 
less  oblique  rhouibic  prisms  of  tho  so-called  acid  tartar  tmtti^ 
2C^Hp^,(SbO)K+C\HgOtt-f5H,0,  separate  out.    This  on 
posure  to  the  air  loses  wat^r  and  changes  to  a  porcelain-lil 
mass,   easily   decomposed   by  alcohol   into   tartar  emetic 
tartaric  acid. 

The  acid  tartrates   of   the  other  alkali  metals  act  towa 
antimony  oxide  in  a  similar  way  to   cream  of  tartfir^  and  yiel 
similar  compounds  to  tartar  emetic  or  salts  of  tarfryl  antimanw 
acid.     Other  similar  salts  containing  metals  of  otber  groups  . 
also  known.     These  are  only  slightly  soluble  in  water,  and  the 
fore  may  be  prepared  by  double  decomposition  like  the  abov 
mentioned   bariuro   tartryl    antimonite,   and    the    silver 
C^H/tSbAg  -h  HgO,  which  crystallizes    from    hot    water 
rhombic  tables  with  diamond-Uke  lustre*^ 

Antimony  Tartrate,  C2H^O,(CO,.SbO)j-f  Rp,  is  formed 
dissolving  antimony  oxide  in  tartaric  acid,  from  which  solutic 
the  salt  is  precipitated  by  alcohol  as  a  crystalline  powder. 
100''  it  loses  one,  and  at  190"*  a  second  molecule  of  water.  witS 
which  it  easily  recombines.     It  unites  with  normal  potassii: 
tartrate  to  form  tartar  emetic. 

Tartrates  of  Arsenic,    The  oxides  of  this  element  comi: 
themselves  with  acid  tartrates  like  antimony  oxide. 

Amnumium  TaHryl  Arsenite,  2C2H^(OH)jj(COj)jAs(ONHJ  + 
H^O,  is  obtained  by  boiling  acid  ammonium  tartrate  with  arsenic 
trioxide.      It   forms   large,  bright,  colourless  rhombic   crj^t 
which  easily  effloresce. 

Potamum     TaHryl     Arsmnie,    2C^^{0Yi)^{Q0^^0{0\ 
+  SH^O,  is  obtained  by  dissolving  cream  of  tartar  in  araet 
add.    It  is  precipitated  by  alcohol  as  a  crystalline  powder* 
It  easily  decomposes  in  aqueous  solution   with  separation   of 
cream  of  tartar, 

TaHraies  of  Boron.    In  172S  Le  Ffevre  noticed  that  cream  or 

tartar  is  rendered  easily  soluble  by  the  addition  of  soludon  of 

1  Cooke,  Chtm*  Nem,  zliv.  233. 
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Itorajt,  and  Lasonne,  in  1754,  found  timt  boracic  acid  acta  in  a 
buiiilar  way,  Butli  the  prepamtions  thus  obtaitietl  were  termed 
^Ttani»  b<^r(umXm,  that  with  l>5rax  being  also  tenned  crernor 
^*<»itart  mlubUis.  This  compound  was  much  prized  by  the 
^lemists,  as  they  believed  that  by  its  means  the  transmutation 
of  the  base  metals  into  gold  could  be  effected. 

Potassium  Tartrt/l  B&nde,  C2H/OH).(CO,)2BOK.  This  com- 
pound is  used  in  medicine  (TartarH^  hoi-axafu^  Frajiro-Gallicns), 
mid  is  obtained  by  dissolving  3* 5  pjirt^  of  cream  of  tartar  and 
1  part  of  boric  acid  in  hot  water.  On  evaporating  an  amorphous 
transparent  mass  is  obtained  which  may  be  rubbed  down  to  a 
Hrhite  powder,  and  is  permanent  in  the  air. 

The  *' borax  weinstein "  of  the  German  pharraacopceia  is 
pi-epired  in  a  similar  way  from  2  parts  of  borax,  5  parts  of 
cream  of  tiirtar  and  twenty  parts  of  water.  This  is  a  mixture 
of  potassium  sodium  tartrate  with  the  foregoing  compound,  and 
is  distinguished  from  it  inasmuch  as  it  easily  absorbs  moisture 
from  the  air. 

6 15  The  Enactions  of  Tartaric  Acid  and  its  Salts.  When  heated 
deconjpose,  and  a  peculiar  smell  resembling  tliat  of  burnt 
but  being  at  the  same  time  somewhat  acrid,  is  evolved.  The 
le  acid  gives  a  precipitate  of  cream  of  tartar  with  pottissium 
tat^,  the  deposition  being  greatly  aided  by  rubbing  the  sitles 
I  the  vessel  with  a  glass  rod  or  by  the  addition  of  alcohol  In 
irder  to  detect  tartrates  by  this  test  an  acid,  preferably  acetic 
id,  roust  be  added.  The  normal  tartrates  give,  with  calcium 
de,  a  precipitate  of  calcium  tartrate,  which  at  the  moment 
f  precipitation  is  amorphous,  dissolves  pretty  easily  in  an  excess 
either  reagent,  and  after  a  short  time  separates  out  again  in 
e  crystalline  form.  In  dilute  solutions  the  precipitation  only 
«  place  after  a  lapse  of  some  time.  Even  when  the  salt 
floes  not  dissolve  again,  it  soon  becomes  crystalline.  It  is  soluble 
hydrochloric  acid,  nitric  acid,  and  alkali  free  from  carbonic 
d,  and  from  the  latter  solution  it  separates  out  on  warming 
a  gelatinous  mass,  which  slowly  dissolves  on  standing.  By 
these  reactions  tartaric  acid  can  be  distin^uistied  from  oxalic. 
lalic,  and  citric  acids,  &c.  Free  tartaric  acid  is  not  precipitated 
\y  a  solution  of  calcium  sulphate,  whicli  produces  in  solutions  of 
iormal  tartrates  a  slight  precipitate  after  some  time.  When 
solution  of  luteo-cobalt  chloride  is  added  to  one  of  tartaric 
,  and  then  boiled  with  caustic  >so<1a,  the  yellow  solution 
►mes  gi'een,  and  then  blue-violet.    The  other  vegetable  acids 


and  acetic  acid  do  not  give  this  reaction,  all  the  cobalt  beill3bg 
thrown  down,* 

The  presence  of  boric  acid  interferes  with  most  of  the  reactioi^-^nB 
of  tartaric  acid.     In  this  case,  instead  of  an  acetate,  potaasiuz^ 
fluoride  and  then  acetic  acid  should  he  added.^ 


ETHEREAL  SALTS  OF  TARTARIC  ACID. 

6i6  Acid  Ethyl  Tartrate,  C^fiA  pQ  r^  tt       For  the  "p^^m- 

paration  of  ethyl  tartaric  acid,  eqoal  parts  of  tartaric  acitl  ai^^Hd 
absolute  alcohol  are  heated  in  a  retort  from  60"  to  70^,  until  twi^^w- 
thirds  have  come  over.  The  whole  is  then  diluted  with  watt^^— r 
and  allow^ed  to  evaporate  spontaneously.'*  Oblique  rhombic  Te«^^* 
deliquescent  prisma  then  crystallize  out,  possessing  a  swe^^*^^ 
and  pleasant  taste,  and  melting  at  90''.  Most  of  its  sa^ 
crystallize  well  ^J 

N&rmal  Ethyl  Tartrate,  Q^.OlCO^.Cfi^^,  was  first  prepai^-^B 
by  Demondesir.*  It  is  best  obtained  as  follows,  A  well  cool^^^V^ 
mixture  of  equal  parts  of  absolute  alcohol  and  tartaric  acid  ^ 
saturated  with  hydrochloric  acid,  the  whole  being  kept  co  J  ^^' 
After  standing  for  twenty-four  hours  the  clear  liquid  is  pour^^ 
off,  and  a  current  of  dry  air  passed  through  for  some  tim  ^^^ 
The  liquid  is  next  warmed  ta  100",  under  diminished  pressur^^l 
to  remove  the  aqueous  hydrochloric  acid  and  the  excess  c: 
alcohoL  An  equal  volume  of  alcohol  is  again  added,  and  tt 
operation  repeated,  and  finally  the  liquid  is  distilled  nndes^^*^^ 
reduced  pressure.^ 

Ethyl   tartrate   is  a  thick,  oily,  odourless  liquid,  having 
specific  gravity  at  14"*  of  1  "201)7,  and  boiling,  with  slight  decora 
position,  at  280^ 

Zinc   ethyh  in   presence   of   ether,  acts  violently  on  ethy 
tartrate,  when  the  following  reaction  takes  place : 

C,H,,C0,.CH.OH 

I  +     Zn(C,H,), 


e 


C,H,.CO. 


)H.OH 


C3H,.C0,.CH.0\„ 


2C2H,. 


*  Bniun,  Znhch,  Anal.  Chcm.  viL  345. 

*  Cu^rm-Varn%  Ann,  Ufiim.  Phy/t,  f2]»  Iiii.  57, 

*  CtfmpL  ^emi.  xxxiii.  327. 
■  Anscbiitz  and  Hctett  Ber,  DetUack.  Chtm^  €ki  liii.  1176. 


=  Barfoed,  ift,  iiL  292. 
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rhe  zinc  compound  is  a  snow-white,  amurphoiis,  very  unstable 
lu  balance.^ 

When  ethyl  tartrate  is  saturated  with  dry  ammonia  it  forms 

lartramuk,   Cfifi^(CO,l^H^^,  a  body  soluble  in  water  and 

allizing  in  rhombic  prisms,*     If  the   tartrate   be   diluted 

aqueous   ammonia   hard   crusts   of  ethyl   tartramate  are 

FoTOied,      Free  tartramic   acid,  C^H^O^^  CO  OH^'  ^^  ^  syrup 

:arote). 

Eydrogen  methyl  tartrate  closely  resembles  the  ethyl  com- 

)oiind.      The   following  are   the   only   normal   salts  that  are 

[Etown  (Anschiitz  and  Pictet) : 

B,P.  Sp.  Gn  At 

JMethyl  tartrate.  C^^PJCH^)^        280**        1'3403         15' 

Propyl  tartrate.  C4H^O^lC3H.)^       303"        11392        17' 

ti^  methyl  salt  forms  hard,  white  crystals  which  melt  at  48*. 


[^inilrcm/tartaric  Acid,  C^B^{0.1<iO^)jCO^IL\,  Tins  nitric 
«r,  which  is  ordinarily  termed  nitro-tartai-ic  acid,  is  obtained 
dissolving  powdered  tartaric  acid  in  four  and  a  half  times 
'^  quantity  of  concentrated  nitric  acid.  On  the  addition  of 
equal  volume  of  sulphuric  acid  it  separates  out  as  a  gummy 
This  is  dried  on  a  porous  plate,  then  dissolved  in  tepid 
^ter^and  the  solution  at  once  cooled  to  0^^  when  the  compound 
»tes  out.  For  purification  it  ia  crv^stallised  from  ether,  and 
thus  obtained  in  silky  crystals.*  Its  aqueous  solution  de- 
mposes  quickly  with  formation  of  oxalic  acid  and  tartronic 
Bcid,  CH.0H(C02H)j,  but  its  st>lution  in  absolute  alcohol  is 
much  more  stable,  and  from  this  it  crystallizes  on  spontaneous 
evaporation,  sometimes  in  large  prisms.  Ammonium  sulphide 
again  converts  it  into  tartaric  acid, 

£thi/l  DinitroxtjkiTiTcUe,  C^{0.1^0^)^{C0^.C^^^,  is  obt.nined 
by  dissolving  ethyl  tartrate  in  a  mixture  of  concentrated  sulphuric 
and  nitric  acids.  The  solution  is  pjured  into  an  equal  volume 
of  water,  when  the  salt  separates  out  as  an  oil,  which  solidifies 
after  some  time.  Crystallized  spontaneously  from  absolute 
alcohol,  it   is  deposited   in   prisms  or  needles  which  melt  at 

Mhyl  Acdotartrate,  CgH30{OCjjH^O)CCO^C3HJa,  is  obtainc<I 

^  tfulder  and  Tan  de?  Meoleii,  Ber.  Druimh^  Cht^n^  Get,  xiv,  SIS, 

*  GfoU',  j4nn.  Chrm,  Pharm.  cxii.  202. 

*  Deesaignees   Compt,  Rend,  xxxiv.    731 ;  Ann,  Ckem.  Fhvrm,  Ixxxii   862 ; 
Mr»6.  1857,  SOe. 

«  Dttmcde»  Btr,  IkvdkK  Chan,  (hi,  x,  1789.  *  Henij,  ib,  m,  £39, 

in 
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by  mixing  equal  molecules  of  ethyl  tartrate  and  acetyl  ehJuride. 
It  is  a  heavy  oil  with  a  bitter  taste,  and  decomposes  when 
heate*!.^ 

Dkicetotartark  Acid,  C^^(O.C^Jd\{0Ofi)^  The  anhydride 

of  this  compound  is  formed  by  heating  tartaric  acid  with  acetyl 
chloride :  ^ 


CH(OH).CO.OH 

I 
CH(OH).CO.OH 

^CO.CH^ 


4-    4COCLCH3    =    4HC1     -h 

CHCO.CH^.CO)CO^ 

CI 


}H(O.CH,,C0)C0/ 

It  crystallizes  in  tldn  monoclinic  needles,  melting  at  126** — 127/ 
and  subliming  when  further  heated.  It  is  easily  soluble  in  alcohol 
and  ether.  Its  solution  in  benzol  is  powerfully  dextro-rotatoi7 
(Anschiitz  and  Pictet).  It  is  gradually  decomposed  by  water 
with  formation  of  diacetotartaric  acid,  a  gum-like,  very  deliques- 
cent mass,  which  however  forms  crystalline  salts,  all  of  which, 
even  the  silver  salt,  are  easily  soluble,  and  for  the  most  pert 
deliquescent.  It  is  remarkable  that  the  solutions  of  this  acid 
and  its  salts  are  laevo-rotatory* 

Ethyl  Dia4^totaTtTate,  CfilO,Q^fi)4CO^C^^U.  is  obtained 
by  heating  ethyl  tartrate  with  acetyl  chloride.^  It  crystallizes 
from  alcohol  in  transparent  strongly-refracting  triclinic  prisms, 
and  from  hot  alcohol  in  long  thin  needles  which  have  a  sharp 
and  bitter  taste.  It  melts  at  63*-5,  and  boils  at  about  290'',  almost 
without  deo(inipo8iti(»n*  Whilst  the  free  acid  is  deconipose*! 
even  by  boiling  with  water  and  very  quickly  in  presence  of 
caustic  potasli,  boiling  water  only  attacks  the  ethyl  sjilt  very 
slowly,  whilst  it  requires  to  be  boiled  with  caustic  potash  for 
several  hours  in  order  to  convert  it  into  tai-taric  acid,  acetic  acid, 
and  alcohol 


Anhydrides  of  Tartaric  Acid. 

617  It  has  already  been  stated  (p,  222)  that  tartaric  acid  when 
fiised  passes  into  its  isc>meride,  imiatartanc  acid,  an  amorphous 
deliquescent  mass.  The  solution  of  the  latter  yields  tartiiric  acid 
again  on  evaporation.  The  salts  are  more  readily  soluble  than  the 

1  Perkin,  Jmtrn.  Chm,  Stx:.  X.S.  t,  ISS, 

>  PilA  Jount,  PmkL  Chaa,  Uxxiv.  231  ;  Perkin,  Ue^  cU, 

•  WisUeeaufi,  Ann,  Chtm,  Pharm,  cxxix.  187 ;  P^rkiu,  ?<w,  eiL 
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corresponding  tartrates,  and  yield  these  on  boiling  with  water.  ^ 
Oo  protracted  or  strong  heating,  tartaric  acid  loses  water,  and 
yields  compounds  whose  constitution  is  probably  similar  to  that 
uf  the  so-calJed  anhydrides  of  lactic  ac*id, 

XHtartaric  Acid  or  Tariralic  Acid,  C^K^fi^^,  is  formed  by  heat- 
ing tixrtaric  acid  for  some  time  t^>  a  temperature  of  140" — 150^ 
It  is  an  amoqihous,  exceedingly  deliquescent  mas8,  w  hich  easily 
ooinbines  with  water  to  form  tartaric  acid.  It  is  a  dibasic  acid, 
and  its  salts  are  amorphous,  and  chiefly  resin-like ;  on  heating 
wit:h  water  they  are  converted  into  acid  meta tartrates,  and  these 
I  agSLin  into  the  tartrates.* 

^arf relic  Acid,  C^fi^^,  h  formed  when  tartaric  acid  is 
li^etted  for  some  time  to  180''  (Freoiy),  or  when  it  is  strongly 
heio^ted  until  it  yields  a  sponge-like  blackened  mass  (Laurent 
and  Gerhardt).  It  forms  deliquescent  crystals,  and  on  fusing 
witli  tartaric  acid  it  is  converted  into  tartralic  acid  (Schit!), 
Boiling  with  water  converts  it  into  tartralic  and  tartaric  acids. 
AJcohol  precipitates  the  salts  of  the  alkali  metals  from  their 
«>liatiuns  as  oils,  and  they  dissolve  in  ^vater  with  formation  of 
di^i^Lftrates,  The  salts  of  the  alkaline  earth  and  other  metals  are 
ot^t^ned  by  precipitating  the  free  acid  with  the  corresj>onding 
^c^^tates,  and  pass  in  contact  with  w^ater  into  the  metatartrates, 

tartaric  Anhi/dride,  This  substance  is  isomeric  with  the 
^^^^'^^guing  body,  and  is  obtained  either  by  heating  tartaric  acid  to 
ISO'  until  an  infusible  residue  is  foroied  (Fremy),  or  by  heating 
'^slily-preparal  tartrehc  acid  for  a  short  time  to  loO''  (Laurent 
'^^^d  Gerhard t).  It  is  a  white  or  yellowish  powder,  insoluble  in 
^^^cjhol  or  ether.  It  dissolves  slowly  in  cold,  and  quickly  in 
"^^iliog  water,  when  it  is  first  converted  into  tartrelic  acid,  and 


y   further  addition  of  water  passes  into  tartralic  acid. 


l^ACEMIC   ACID   AND  L-ffiVOTARTARIC  ACID. 

6i8  It  was  formerly  believed  that  raceraic  acid,  often  obtained 
^  a  by-product  in  the  manufacture  of  tartaric  acid,  was  contained 
iJi  the  grape-juice,  and  it  is  quite  possible  that  this  is  sometimes 
tile  case.     There  is,  however,  no  doubt  that  the  greater  portion 

'  Krtiinaim,  Ann,  €h«m,  FMrm,  xxi.  9  ;  I^urcnt  and  Gerhardt,  tk  Ixx.  S48. 
'  f'rrijiv,  Ann,  Ckim,  Phin.   [2]  IxviiL   353 ;  Lourent  and  Gorhardt,  locdL; 
Sehi^,  Ana.  C/ttttn,  Phann,  cxxv.  129. 
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18  formed  during  the  manufacture  of  the  wine.  According  to 
JuDgfleiach  the  change  of  tartaric  acid  into  racemic  add  takes 
place  very  readily  in  presence  of  alumina.^  Dcasaignos  has 
shown  that  several  per  cents  of  racemic  acid  are  formed  when 
tartaric  acid  is  mixed  with  dilute  hydrochloric  acid^  or  even 
when  it  is  bc»iled  several  days  with  water.*  In  Kestner^a  manu- 
factory, in  w^hich  racemic  acid  was  first  observed,  do  further 
production  of  this  substance  has  been  noticed  since  the  soluiioos 
have  been  evaporated  in  a  vacutim  at  50*.  On  the  oUier  haad, 
in  a  Viennese  manufactory,  where  superheated  steam  is  employed, 
the  mother-liquors  contain  a  large  quantity  of  mesot^irtaric  acid 
and  some  racemic  acid,  and  in  an  English  manufactory  in  which 
the  evaporation  takes  place  at  the  ordinary  pressure^  large 
quantities  uf  tliis  latter  acid  are  still  formed.* 

Pasteur  was  the  first  to  show  that  tartaric  acid  can  be 
converted  into  racemic  acid.  He  found  that  when  cinchoninc 
tartrate  is  heated  for  some  time  to  170^  racemic  acid  is  formed, 
together  %\ith  inactive  tartaric  acid,  and  also  that  the  kevo- 
I  rotatory  salt  of  this  alkaloid  and  ethyl  tartrate  undergo  this 
change.^  Racemic  acid  is  best  obtained  by  heating  tartaric 
acid  with  water  in  the  proportion  of  30  grams  of  the  first  to 
from  3  to  4  cbc.  of  the  latter,  for  30  hours,  to  a  temperature  of  175^, 
when  the  change  is  almost  complete.®  A  transformation  of 
calcium  tartrate  into  racemate  is  found  to  occur  in  dye-vata  in 
which  tartaric  acid  has  been  used  to  liberate  chlorine  frora 
bleaching  powder. '''  Another  singular  formation  of  racemic 
acid  is  that  by  the  oxidation  of  fumaric  arid  with  potassium 
permanganate,^  when  a  direct  addition  of  hydroxyl  takes  place. 

Racemic  a<^'id  cr}^stalli2es  in  triclinic  prisms  containing  a 
molecule  of  water  which  is  driven  off  at  1Q0^  It  is  less  soluble 
in  water  than  tartaric  acid,  100  parts  of  water  at  20°  dissolving 
only  22 '66  parts.  It  melts  at  202**,  and  yields  on  further 
heating,  the  same  products  as  tartaric  acid.  It  is  more  easily 
reduced  to  succinic  acid  by  means  of  hydriodic  acid  than  ia 
tartaric  acid  (Lauteraann),  and  as  intermediate  product  the 
modiiication  of  malic  acid  corresponding  to  racemic  acid  13 
formed  (p.  202), 

»  Bull  5oe.  aim,  [2].  xxL  14<5 ;  xxx.  IDl. 

*  C&mpt.  Rf^nd,  %\i\.  4t»4  ftud  524.  •  BriU.  Soe,  Ck<m,  ▼.  S55, 

*  Ber.  £ntw.  Chrm,  Ind.  ii.  423.  »  C&rniii.  Bend,  xxxvil.  1^1. 

*  Jiujgtlebch,  Bull.  Soe.  Chim,  [2],  iviu.  203, 
'  Lidow,  Bir,  DetUseh.  Uhem.  Ots,  xiv,  2681>. 
'  Eekul^  and  Aaschutz,  ih.  lan.  2150. 
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Tte  racemates  in  general  closely  resemble  the  tartratea^ 
though  they  frequently  contain  different  quantities  of  water  of 
crystallization.  Like  the  acid,  they  are  optically  inactive  and 
do  not  like  the  tai-trates  exhibit  hemihedral  faces. 

Kurmal  PoUimum  Haccmuk,  C^H^0^jKj+2H^0,  forms  mono- 
clinic  crystals,  easily  soluble  in  water. 

Acid  Foiamum  Ritceniatd  C^H^O^KH,  crystallizes  in  rhombic 
tables,  dissohnng  more  readily  in  water  than  cream  of  tartar, 
and  forming  with  antimony  oxide  a  compoimd  similar  to  tartar 
emetic. 

Calcium  Ractmate^  C^H^O^Ca-h4HjO,  is  the  most  characteristic 
salt  of  racemic  acid.  It  is  a  precipitate  consisting  of  small  needles, 
more  difficultly  soluble  than  the  tartrate,  and  precipitated,  even 
from  a  solution  of  the  free  acid,  by  calcium  sulphate.  It  does 
not  dissolve  in  acetic  acid,  but  is  soluble  in  hydrochloric  acid, 
and  on  addition  of  ammonia  it  is  at  once  thrown  down,  whilst  in 
the  case  of  the  tartrate,  precipitation  takes  place  only  after 
standing  some  hours. 

The  ethcnal  salts  ofracemic  acid  closely  resemble  those  of  tartaric 

acid,  and  are  optically  inactive : — 

M.P.  B,P. 

» Methyl  racemate,  C,H,(OH)^(CO..CH3)2                  So'*  282* 

*'  Ethyl  diacetiiiracemate,  C^H^(C2HjjOs)2(COj.C2Hjj  50"  5  298* 

»  Diacetoracemic  anhydride,  C,^(C4HaOj)jjCj03       1 23*"  — 

619  Pa$teui^9  Seifmrckes.  The  discovery  that  racemic  acid  can 

be  decomposed  into  two  active  acids  was  made  by  Pasteur.     He 

showed  that  the  salts  of  tartaric  acid  usually  exhibit  hemihedral 

faces,  whilst  those  of  racemic  are  holohedrai     On  crystallizing 

m  solution  of  ammonium  sodium  racemate,  a  salt  which  Mits- 

cherlich  believed  to   be   isomorphous   with   the  corresponding 

tartrate,  Pasteur  found    that  altliough   all   the   crystals   were 

hemihedral,  the  hemihedral  faces  were  situated  on  some  crystals 

to  the  right,  and  on  others  to  the  left  hand  of  the  observer,  so 

that  the  one  formed,  as  it  were,  the  reflected  image  of  the  other, 

as  in  Figs.  102 — ^107|  these  faces  being  distinguished  by  the  sym- 

P  P 

bols  -I-  g  and  —  ^,     Pasteta*  separated  these  two  sets  of  crystals 

mechanically,  and  purified  them  by  recrystallization,  when  he 
/omul  that  they  do  not  undergo  alteration  in  form,  and  that 

*  Anw-htitiand  Pictet,  Btr,  Dmlaeh.  Ch$m.  <ks.  im.  117S. 
»  PnlcitJ,  Jaum,  Ch^nrh.  Soc,  K.S.  T.  18S. 
'  Perkia  ;  AiiAdbtitz  oud  PioteL 
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those  which  exhibited  dextro-hemihedry  possess  dextro-rotai 
power,  whilst  tlie  others  are  lasFO-rotatory.  He  then  conveHl 
these  into  the  lead  salt^,  and  on  decomposing  with  sulphuretl 
hydrogen,  obtained  both  the  free  acids,  one  of  which  proved 
be  identical  with  common  tartaric  acid,  whilst  the  other  H 
distinguished  from  it,  inasmuch  as  it  turns  the  plane  of  polarii 
tion  as  ptJwerfuUy  to  the  left  as  common  tartaric  acid  does  to  i 
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right,  and  for  this  reason  Pasteur  termed  it  tevo-tartaric  acid, 
anti-tartaric  acid.  The  acids  moreover  are  positively  and  negativi 
hemihednil,  as  is  shown  by  the  following  figures  in  which 
henaihedral  faces  are  marked.  Both  the  acids  are  pyro-electri^ 
but  each  in  an  opposite  sense,  inasmuch  as  positive  electricitj 
developed  on  the  side  of  the  crystal  on  which  hemihedry  occu 
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If  equal  quantities  of  the  concentrated  solutions  of  the  two 

I  acids  be  mixed,  an  evolution  of  heat  takes  place,  and  crystals  of 

noemic  acid  separate  out.     Their  salts  buhave  in  the  same  way, 

and  otherwise  exhibit  the  &ame  properties.     They  contain  the 

^ quantity  of  water  of  crystaUization,  and  possess  the  same 
e  of  solubility. 
On  the  other  hand,  they  show  an  altogether  different  reaction 

m  their  combinations  with  optically  active  compounds.     Thus 

tyJrogen  ammomum  tartrate  forms,  with  the  hydrogen  ammonium 
«alt  of  common  malic  acid,  a  crystalli^able  double  salt,  whilst 
TO  salt  of  Itevo-tartaric  acid  does  not  do  so.  Dextro-tartaric 
&cid  combines  also  with  aspt^iragin  to  form  a  crystalline  com- 
P<^und,  but  this  compound  cannot  be  obtfiined  with  the  Ibbvo 
'^rtaric  acid.  Each  of  the  opticaDy  active  alkfdoids,  cinchonicine, 
tixiicine,  strychnine,  and  brucine,  yields  a  normal  and  an  acid  salt 
^^h  the  two  tartaric  acids.  The  eight  salts  of  the  one  modifi- 
^tionare  distinguished  from  the  corresptjndiiig  ones  of  the  other 
'odiiicjitioi^  ty  crystalline  form,  quantity  of  water  of  crystalHza- 
^^»  and  solubility,  and  these  varying  relations  serve  as  another 
figua  for  resolving  raceraic  acid  into  its  constituent  acids.  If 
IPlution  of  cinchonicine  in  racemic  acid  be  concentrated,  at 
^^  only  the  Isevo-tartaric  acid  salt  separates  out,  whilst  w4ien 
^TJiciae  is  employed  the  dextro-tartaric  salt  first  makes  its 
t^pearance, 

Pasteur  has  further  shown  that  when  a  few  spores  of  penieU- 
^'%m  glaucuni  are  added  to  a  solution  of  racemic  acid  containing 
traces  of  phosphates,  dextro-tiirtnric  acid  first  disappears,  so 
bat  if  the  fermentation  be  stopped  aft^r  some  time,  only  the 
feVQ-acid  remains.^ 

Xiastly,  Gernez  has  found  that  a  saturated  solution  of  the 
cnmoniuBi  sodium  salt,  does  not  ciystallize  when  a  crystal  of 
ke  opposite  modification  is  brought  into  it.  Hence,  if  such  a 
ilotion  be  prepared  from  racemic  acid,  it  is  easy  to  obtfun 
ther  one  or  the  other  modification  in  this  way  at  will/ 

In  order  to  explain  the  optical  isomerism  of  the  two  tartaric 
ads,  we  may  assume  that  in  their  molecules  the  atoms  occupy 
IffereDt  ptvsitions  in  space.  This  can  be  best  illustrated  by 
leans  of  a  model  consisting  of  a  tetrahedron  in  whose  centre 
I  aOTrametrical  carbon  atom  is  situated,  the  four  combining 
txlB  being  placed  in  connection  with  the  corners.  On 
the  several  groups  H,OH,CO,H  and  CH(OH)CO,H  are 
1  Compt4^  Jlendut,  IL  153,  «  lb,  IxlU.  843. 


288 


THE  OXYSUCCIKIC  ACfDS. 


joined.  They  may  be  distinguished  by  painting  the  four  points 
of  different  colours.  A  second  tetrahedron  is  then  prepare<i 
which  is»  as  it  were,  the  reflected  image  of  the  first.  One  ol 
the  two  models  represents  the  dextro-  and  the  other  the  laevo— 
tartaric  acid»  and  in  whatever  position  they  may  be  placedl 
they  are  alw-ays  seen  to  be  right-  and  left-handed.^ 


INACTIVE  OR  MESO-TARTARIC  ACID. 

620  This  acid  was  obtained  by  Pasteur,  together  with  raoemio^ 
acid,  by  heating  cinchonine  tartrate  to  170°.     In  this  decompo- 
sition it  is  probable  that  the  racemate  is  first  formed,  as  t 
when  heated  by  itself,  partially  decomposes  into  the  inacc  ^ 
compound.     By  the  oxidation  of  sorbin,  C^Hj^Og,  Dessaignes 
obtained,  in  addition  to  tartaric  and  racemic  acids,  an  inactive 
isomeric  compcmnd  to  which  he  gave  the  name  of  meao tartaric 
acid,  and  Pasteur  afterwards  sliowed  that  tliis  was  identical  with 
his  acid.      It  has  already  been  stated  that  this  acid   ustially 
occurs  together  with  racemic  acid  (p.  234). 

Mesotartaric  acid  is  best  obtained  by  heating  thirty  parts  of 
tartaric  acid  and  four  parts  of  water  for  two  hours  to  165°.  On 
crystallizing,  the  racemic  acid  which  has  been  fonned  deposits 
first.  The  residue  is  converted  into  the  acid  potassium  salt, 
wlien  cream  of  tartar  separates  out»  whilst  the  more  soluble 
Bait  of  the  inactive  acid  remains  in  solution.^  By  this  reaction 
the  other  modifications  are  also  almost  entirely  converted  inta 
mesotartaric  acid,  whilst  at  175**  they,  as  well  as  the  last  named 
acid,  are  almost  entirely  transformed  into  racemic  acid.  In 
this  way  Jungfleisch  has  succeeded  in  preparing  the  four 
modifications  synthetically  from  ethylene. 

It  is  an  interesting  fact  that  the  inactive  acid  is  also  fonned 
by  oxidation  of  maleic  acid  by  potassium  permanganate,  whilst 
fumaric  acid  is  oxidized  to  racemic  acid.  From  this,  it  would 
appear  that  the  cause  of  the  isomerism  of  maleic  acid  m  the 
same  as  that  of  mesotartaric  acid  and  racemic  acid,' 

ilesotartaric  acid  crystallizes  in  rectangular  tables,  with  one 
molecule  of  water,  which  it  losses  at  100^  When  the  anhydrous 
acid  is  dissolved  in  a  small  quantity  of  water  and  allowed  to 

*  Viin*t  HoiT,  La^erttn^  der  AtomCt  dfc* 
»  Jungfleisch,  Ihiil,  5ac.  Chim,  [2],  xix*  101. 

3  Keku!^*  ftnd  AnBohutz,  Ber,  Jkultch,  Chem,  (kt.  ziv*  718 1  oomp«re  Tsiuiftr, 
i&.  xiii,  13B3* 
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crystallize  quickly,  it  is  obtained  iq  anhydrous  prisms  closely 
reaembling  those  of  tartaric  acid.  One  humlred  parts  of  water 
at  15**  dissolve  125  parts  of  tho  crystallized  acid.  The  crystals 
melt  at  140*.  ajid  when  submitted  to  dry  distillation  yield  pyro- 
racemic  acid ;  if  the  distillation  be  stopped  when  a  third  has 
passed  over,  racemic  acid  may  be  prepared  from  the  residue 
(Dessaignes). 

The  normal  and  acid  mesotartrates  are  easily  soluble  in  water, 
but  do  not  crystallize. 

Calcium  Mesotartraie,  C^H^O^Ca+SHjO,  is  a  very  charac- 
teristic salt,  and  is  formed  when  the  acid  is  precipitated  by 
cium  acetate.  The  floceulent  precipitate  soon  changes  to 
tening  crystals,  which  are  best  obtained  when  the  salt  is 
dissolved  in  hydrochloric  acid  and  so  far  diluted  that  am- 
monia does  nut  produce  a  precipitate.  Aft^r  standing 
from  12  to  16  hours,  it  is  desposited  in  bright,  glisterdng, 
cube-like  crystals*  It  dissolves  in  about  600  parts  of  boiling 
water,  and  separates  very  gradually  on  cooling  in  small  compact 
cr^'stals  and  small  four-sided  prisms.  It  is  insoluble  in  acetic 
sdd,  and  is  not  formed  by  the  addition  of  sulphate  of  lime 
solution  to  a  solution  of  mesotartaric  acid. 

The  inactive  acid  obtained  from  glyoxal  (p,  220)  is  different 
from  mesotartaric  acid,  and  it  may  therefore  he  distinguished 
as  fflycotarturie  acid}  Like  racemic  acid,  which  it  was  first 
believed  to  be,  it  crystaUizea  in  triclinic  prisms  cootaioing  one 
iiiolecule  of  water,  and  these  do  not  effloresce  on  exposure.  The 
hydrous  acid  melts  at  198**,  Its  salts  resemble  very  closely 
hose  of  racemic  acid,  but  the  sodium  ammonium  glycotartrate 
deposited  in  largo  monociinic  crystals  which  do  not  exhibit 
lieiiiihedral  faces.  It  is  remarkable  that  racemic  acid  can,  under 
^^riain  circumstances,  yneld  a  salt  having  the  same  properties 
«id  the  preceding  compound,  the  raother-Hquors  afterwards 
depositing  rhombic  crystals  of  the  two  optically  active  salts.* 
A  third  inactive  tartaric  acid  has  been  obtained  by  Przibytek 
the  oxidation  of  erythrite^  O^Hq(OH)^,  The  acid  potassium 
t  of  this  variety  is  anhydrous,  easily  soluble  in  water,  and 
^nrystallizes  in  small  needlt^a.  The  calcium  salt  contains  8 
^xnolecuh/'S  of  water,  is  soluble  in  acetic  acid,  and  cry  stall  issea 
:£rom  this  solution  in  laminae.  When  tho  acid  is  heated  with 
^"^ater  to  175\  it  is  converted  into  racemic  acid» 

*  StaedA  ftnti  Gm\,  Ber,  Drufj^ch,  Chenu  Get,  xi.  1752, 
>  Joum,  Urns,  Chan,  (?«.  xii.  209* 
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621  By  heating  amyl  alcohol  with  concentrated  solution 
zinc  chloride,  Bahirtl,  in  1844,  obtained  the  corresponding  olefin 
termed  amylene,  C^H^^^,  and  togetlier  with  tins  the  polyrneride 
diamyhne,    C^^^^    and    tetramylcne,    Q^H^f^,       Moreover,   h( 
showed  that  when  the  vapour  of  amyl  chloride  is  passed  ove] 
heated  potash-lime,  araylene  is  also  forrned.      It  possesses 
faint  garlic-like  smell,  boils  at  Si)**,  and  has  a  va}>our  densit 
of2-68>  ' 

Bauer,  who  then  occupied  himself  with  this  subject,  gives  tn^H 
following  receipt  for  its  preparation.  One  part  of  amyl  alcohol^ 
is  poured  on  to  li  parts  of  fused  and  roughly  powdered  zinc 
chloride,  allowed  to  stand  for  some  days,  and  afterwards 
tilled.  The  action  begins  at  70"^ — 80^  and  the  operation  14 
stopped  at  130*" — 140',  when  frothing  begins.  By  fractionating 
the  distillate  and  rectifying  over  sodium,  theamylene  is  obt 
together  with  amyl  liydride,  C^H^g.  Amylene  thus  prepar 
boils  at  33°— ^4**  and  at  0**  has  a  specific  gravity  of  0*663. 
the  higher  boiling  portions  triami/lene,  Ci^Hj^  occurs,  togethe 
with  the  other  protlucts  obtained  by  Balard  * 

As  Wurtz  has  shown,  the  action  of  zinc  chloride  on  amyl 
n1ci»hol  13  not  so  simple  a  one  as  had  formerly  been  supposed^| 
He  found  tliat  the  product  boiling  at  100*',  is  a  mixture  of  th^^ 
defines  C^Hj^  to  C^j^H^,  and  of  the  corresponding  paraflSns.' 

Recent  iuvestigatioDS  have  proved   that  the  araylene   thl 
obtained,  and  now  to  be  bought  as  '*  commercial  amylene,''  is  : 
a  definite  compound,  but  a  mixture  of  several  isomeric  bodie 
their  formation  depending  not  only  on  the  fact  tliat  amyl  aJcohc 
itself    is   a   mixture,   but  also    that  zinc    chloride    effects 
molecular  decomposition  in  this  case,  as  it  does  in  the  case 
butylene, 

>  Ann.  Chim.  Phm.  [3],  liL  320. 

•  Krit,  ZeiiMck,  iv.  i\f>i  j  Bi?n  also  Linn^mnniit  Aim^  Chfm.  Fharm,  csxxir,  \ 
»  Comjttr^  Jkfu(m,  hi.  Ild4aaai2i«  ;  Irii.  302;  Ann.  CAm.  i%«rf*.  cxrviilf 
225  and  316. 
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Arayleoe  is  also  found  ia  the  distillation  products  of  Boghead 
^:ranBeC  in  the  lime  soap  of  train  oil,  and  in  certain  petroleums, 

62a  Propyl  Ethtflem,  CH^.CH^CH^.CH  ^=011^,  was  obtained 
iHsyiithetically  by  Wurtas  by    the  action  of  zinc-ethyl   on  allyl 
^iodide.      He  could  not,    however,  obtaia    it  in    a  pure  state, 
^^wing    to  the  formation   of  other    hydrocarbons.^      Pmtyhme 
dihromide,  C^Hi^Bfj,  obtained  from  this,  boils  at  177* — 183**, 
INormal  pentylene  ia  also  formed  together  with  ethereal  salts 
of  pentyl-acetic  acid   when   the   monocUoride,  obtained   from 
Tiormal  petane*  is  heated  with  potassium  acetate  and  glacial 
:<icetic  acid  to  100** — ^200^^    Moreover,  it  is  a  constituent  of  cum- 
xnerctal  amylene.     If  this  liquid  be  shaken  up  with  a  mixture 
of  one  vohime  of  water  and  two  volumes  of  sulphuric  acid,  the 
isomeric  olefines  dissolve  and  a  mixture  of  the  normal   penty- 
lene and  pentanes  remains  behind.'     By  oxidizing  this  with  an 
alcoholic   solution  of  potassium   permanganate,  formic,  oxalic, 
normal  but}Tic,  and  succinic  acids  are  formed,  and  from  this  fact 
the  constitution  of  these  hydrocarbons  is  ascertained.*     O w  ing  to 
the  £act  that  Balard  purified   his  amylene  by  treatment  with 
sulphuric  acid,  it  likewise  chiefly  consisted  of  propyl-ethylene. 
It  is  a  mobile  liquid,  boiling  between  SS""  and  40°,  and  combining 
with  bydriodic  acid  to  form  methyl-propyl-carbyi  iodide. 

Isopropyl-elhylem,  (CHJ^CH.CH— CH^  occurs,  according  to 
Eltekow,  in  commercial  amylene.*  It  b  formed  together  with 
^-ethyl-methyl-ethylene,  when  amyl  iodide  is  heated  with 
alcoholic  potash.  If  this  mixture  be  saturated  at — 20°  with 
hydriodic  acid,  the  latter  olefine  is  converted  into  dimethyl^ 
ethyl-carbyl  iodide,  iaopropyl-etbylene  remaining  unchanged* 
When  the  abjve  mixt\ire  ia  shaken  up  with  sulphuric  acid  and 
water,  the  ^*<ithyl-niethyl-ethylene  is  alone  dissolved,  Isopropyl- 
ethyleue  boils  at  21°-1  to  2V'd,  and  combines  at  the  ordinary 
temperature  with  hydriodic  acid  t<3  form  methyl  isopropjl  carbyl 
iodide  (Wischnegradsky).  With  bromine  it  forms  a  dibromide 
boiling  with  decomposition  at  190'",  from  which  isopropi/l-elhi/lcne 
glycol.  (CHj),CH.CH(OH),CH,(OH),  is  obtained.  This  latter 
body  boils  at  206'',  and  is  a  thick  odourless  liquid,  soluble  in 

*  Compe.  Rend.  liv.  387  \  IvL  354;  brvL  1179 ;  Ann,  €hmt^  Pkarm,  oixiiL 
202  J  cxxvii  55  ;  cxclviiL  131. 

•  SfhoTJemmfr,  Phil  Trans,  1872.  p.  111. 

'  Wbchriegradskj,  Ann.  CK^m.  Pharm.  cic.  34C. 
<  O.  ftnvl  ¥,  Zeidkr.  16.  cJteviu  253, 
»  Scr.  DcuLKh.  Chfin,  Oat,  x.  Itf04, 
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water,   and  yielding   on  oxidation   oxyvahric  acid,    mx\A   tto* 
butyric  add} 

623  a-EthyUmethjUethykTie,      CHj,.CH2,CH— CH.CHy     \s\ 
obtained  by  heating  the  two  secondary  pentyl  iodides  with 
alcoholic  potash.*    The  pentylene  obtained  by  Beibt^in  and 
Rieth  by  the  action  of  zrnc-etliyl  on  chloroform  appears  to  be 
identical  with  this  substance  :  * 

3Zn{CHXHA  +  2CH.C1,  =  2CH,.CIL,CH  — CaCH,  -+ 
2C,H«H.3ZndV 

It  boils  at  36',  and  combinea   with   hyJrio<lic  acid   forming 
methyl-propyl-carbyl  iodide. 

a-Ethyl-viethyl-eikyhnc  Bromide,  C^H^.CHBr.CIIBrCH^.  boiki 
with  slight  decomposition  at  178**,  and  at  O''  has  a  Bpecifial 
gravity  of  17087, 

a-Ethyl-m^thyUethylcTte  Glycol,  CgHfi.CH(0H),CH(0Hi,CH3 
is  a  syrupy  liquid,  soluble  in  water,  boiling  at  187'*'5,  and  at  0* 
having  a  specific  gravity  of  0*D945,  When  oxidized  with  dUute 
nitric  acid  it  yields  a^xyhUyric  acid,  together  with  carbon 
dioxide  and  a  small  quantity  of  glycolic  acid. 

^-Elkyl'niethyUthylene,  035(0113)011011^  This  is  a  con- 
stituent of  commercial  amylene  (Wischnegradsky),  and  is  formedl 
together  with  isopropyl-ethylene  by  heating  amyl  itnjide  withj 
alcoholic  potash,  and  is  also  prepared  in  a  similar  way  from  active  | 
amyl  iodide**  A  pentylene,  probably  identical  with  tliis,  is 
foand  in  the  distillation  products  of  the  Alsatian  petroleum  at  - 
Pechelbronn.*  It  boils  at  3r— 32'.  and  at  0*  has  a  specific] 
gravity  of  0  670.  It  is  optically  inactive,  dissolves  readily  in| 
dilute  sulphuric  acid,  and  combines  with  the  haloid  acids  with  j 
formation  of  ethereal  salts  of  dimethyl-ethyl-carbyL 

624  TrimdhyUikylene,  (OH3)jO^OH.OH3,  is  also  found  in] 
commercial  amylene,  and  is  formed  by  the  action  of  alcoholicj 
potash  on  the  iodides  of  dimethyl-ethyl-carbyl,    and  isopropyl- 
methyl-c.'irbylJ    It  is  formed  also  when  amyl  ethyl  ether  is| 
heated  with  phosphorus  pentoxide*^ 

1  Fiftwitzky,  Jnn,  Chem,  Pharm,  clxxiz,  351 ;  Ber,  IkutaeK  Chem.  Qm,  zJ 
230. 
-  Wagnt^r  luid  Saytzeff',  Ann,  Chem,  Pharm,  cLezt.  873  ;  clxxiz.  802. 
»  lb,  cxxiv-  245. 
^  Le  Bel  Bull  Soe.  Chim.  pl  xiv,  SiS. 

*  r*  Bel.  ift.  [2],  xvii,  3  ;  xviu,  166. 

•  Jermolajcw,  ZeiiJick,  Chem.  1871,  27fi. 
'  Wbchnegridskv,  Ann.  Cheitu   Pharrtu  cxc.  3C5. 
>  FbwiUky,  ib,  clxix.  206. 
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It  i«  a  liquid  boiling  at  36** — 38**,  and  having  at  0'  a  specific 
grarity  of  0'C78S.  It  is  easily  converted  into  polyamylenes  by- 
zinc  chloride  or  by  dilute  sulphuric  acid,  as  well  as  by  boron 
fluoride.^  It  dissolves  when  shaken  with  a  mixture  of  two  parts 
of  sulphuric  acid  and  one  of  water,  and  when  this  solution  is 
neutralized  with  carbonate  of  soda  and  distilled,  dimethyl -ethyl- 
carbiQol  is  obtained,  which  combines  with  the  haloid  aciJa  to 
form  the  ethereal  salts  of  this  alcohol. 

The  derivatives  of  the  pure  hydrocarbon  have  not  been  much 
investigated,  but  these  probably  form  a  larj^e  portion  of  the 
compounds  obtained  from  commercial  amylene. 

625  Amylene  Glycol,  G^^^{OYi)^,  was  obtained  by  Wurtz  '  from 
amylene  bromide  in  the  same  way  as  common  glycol  is  obtained 
from  ethylene  bromide.  It  is  a  colourless  syrupy  liquid,  soluble 
in  water,  and  having  an  aromatic  bitter  taste;  it  boils  at  IT?*"  and 
at  0*"  has  a  specific  gravity  of  0987.  It  may  be  solidified  in  a» 
mixture  of  ether  and  solid  carbon  dioxide  to  a  hard  transparent 
roasa  Pure  triraethyl-ethylene  yields  a  glycol  which  boils  at 
the  same  temperature.^  Dilute  nitric  acid  oxidizes  it  to 
03ctfisoh%ityric  aeid, 

Amykm  C/darhydrate,  C^HjoCl(OH),  was  obtained  by  Carius 
by  acting  on  amylene  with  dilute  hypocblorous  acid.  It  is  a 
liquid  boiling  at  loS**,  smelling  of  valeric  acid,  and  is  tolerably 
^luble  in  water  Caustic  potash  converts  it  into  amylene  (m4fe, 
CjH|^0,  a  pleasantly  smelling  liquid  having  a  hitter  taste, 
boiling  at  95**,  and  having  a  specific  gravity  at  0°  of  0  8244  * 

Amylene  Chloride^  CgHj^^Ol^,  is  formed  when  a  mixture  of 
amylene  and  phosphorus  pentachloride  is  allowed  to  stand  for 
twelve  hours*  On  addition  of  water  it  separates  out  as  an  oily 
layer.*  It  is  also  formed,  together  with  substitution-products, 
when  chlorine  is  passed  into  amylene  cooled  to— 15',  and 
then  heated  gradually  to  the  boiling  point*  It  is  a  liquid 
boib'ng  at  145°,  and  having  at  ff*  a  specific  gravity  of  1-222. 

Amylene  Bromide,  CgHj^Br^,  is  an  oily  liquid  boiling  with 
decomposition  at  170* — 180°. 

Amylene  XUrite^  C^U^^(SO^\,  was  first  obtained  by  Guthrie 
by  passing  amylene  vapour,  mixed  with  air,  through  fuming 

^  Ijwidolph,  BfT.  IkuUcK  Chtm.  Qe».  xii.  158I, 

'  Anit,  Chim.  Phy».  [3],  It.  468. 

'  rUwitiky,  Bfif,  DeuLfeh.  Clum,  Oei.  i%.  1«00. 

*  Ruiifr,  Ann.  Chem.  Fharm»  cry.  90  ;  Cnhua,  ift.  exxiL  299;  ezxiz.  1(7. 

*  Outhrie,  Qiiart  Joum,  Chfm.  Soc.  liv,  127. 

*  B4uer,  ZHtSf:K  CJum.  18e6,  830  and  687* 
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nitric  acid,^  and  afterwards  hy  passing  nitrogea  trioxide  through 
amylene  placed  in  a  freezing  mixture.*  It  crystallizes  fex>m 
boiling  ether  in  long  transparent  prisms  or  rertangtilar  tables^ 
which  decompose  at  95°.  When  treated  with  tin  and  hydro- 
chloric acid,  the  nitrogen  is  evolved  as  ammonia, 

AmyUiu  NitromMtrride,  C^Hjo(NO)Cl,  is  formed  by  the 
direct  union  of  nitrosyl  chloride  with  amylene*  It  deposits  in 
splendid  crystals,  and  is  converted  by  nascent  hydrogen  into  an 
amylamine.^ 

Amylene  formB»  with  the  chlorides  of  sulphur,  compounds 
which  correspond  to  the  ethylene  compounds.* 

NUro-amyJene,  or  NUrO'irimethyl'ethylaie,  C^H^jNOj,  is  ob- 
tained by  the  action  of  nitric  acid  on  dimethyl-ethyl  carbtnoi 
It  is  a  slightly  coloured  peculiarly  smelling  liquid,  boiling  at 
166** — 170*,  and  dissolving  slowly  in  potash.  The  solution 
'  gives  the  pseudo-nitrol  reaction  (Part  I,  p.  506)  with  potassium 
nitrite  and  sulphuric  acid,  WTien  heated  with  water  to  100"* 
under  pressure,  it  splits  up  into  nitro-ethane  and  acetone  ;  * 


ir 


CH, 


C(NOJ.CHj   -h    H,0    -    CO    -h    CH,(NOJ,CH,. 


THE  OXYACIDS,  C^H^^O^,  AND   THE    KETONIC 
ACIDS,  C^H^Og. 

6a6  a-Oxyvahric    Acid,   (CHs)aCH.CH(OH)COgH.      When 

valeric  acid  is  heated  with  bromine  under  pressure  a-iromval^fie 

acid  (CltJ^CH.CHBr.COgH,  is  formed.    This  is  an  oily  liquid 

which  decomposes  on  heating.^  If  this  body  be  boiled  with  water 

and  oxide  of  silver  or  with  caustic  potash/  the  corresponding 

oxyvaleric   acid   is  obtained,   a  substance   which   can  also   be 

prepared  synthetically  from  isobutjrraldehyde.     This  compound 

combines  with  anhydrous  hydrocyanic  acid   to  form  the  nitril 

^  Quart.  Jcnim.  Chem.  Soc.  xiil  55.  *  IK  Jdii.  130. 

^  Tunnies,  Bcr,  Dcultek,  Chem*  Om.  xil  1«9. 
*  Guthrie,  Quart.  Joum,  Chem.  Soc.  »L  109 ;  atiiL  SS. 
^  Hartinger,  Afonatik,  ChoA.  ii.  286. 

«  Fittig  und  Clark,  Ann..  Chem.  Pharm.  cxxjujl  199;  Lej  and  Popow,  i&. 
cUxiv.  6S. 

'  Schmidt  and  SachtlebeHj  ib,  czeiiL  109* 
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l.CH(OH)CN,  a  liquid  which  comineiices  to  boil  at 

then  decomposes  into  the  compounds  from  wlncli  it  is 

When  boiled  in  connection  with  an  inverted  condenser 

times  its  volume  of  concentrated  hydrochloric  acid 

acid   is  obtained,  which  then   may  be  removed  by 

ith  ether. ^     It  is  easily  sohihle  in  water^  alcohol,  and 

I    crystallizes  in   rectangular  table«?   or  long   prisms 

t  at  8t>^  and  begin  to  volatilize  at  l(Hf,     Its  chemical 

ire  closely  analogous  to  those  of  lactic  acid.     On  heat- 

^Iphuric  acid  it  is  converted  into  fonnic  acid  and  iso- 

lyde.     Tlie  latter  compound  is  also  formed,  together 

ityric  acid  and  carbon  dioxide,  when  it  la   oxidized 

H)U9  chromic  acid. 

ystallized  anhydrous  zinc  salt  is  difficultly  soluble  in 
pot  much  more  soluble  in  hot  water.  The  silver  salt 
tolerably  easily  in  hot  water,  and  ft>rms  feather-like 
By  tfie  action  of  ethyl  iixHde  it  yiehls  the  ethyl  salt, 
llso  formed  when  ethyl  oxalate  is  treated  \ritli  zinc  and 
propyl  iodide.*  It  is  a  not  unpleasantly  smelling 
Uing  at  175^ 

n^ladide,  C^QH^ftO^  is  formed  when  the  acid  is  heated  in 

|es  to  200°.     It  crystallizes  from  dilute  alcohol  in  tliin 

Bsoluble  in  water,  melting  at  ISO"*,  «^nd  subhraing  at  a 

[ftperatiire.     It  is  scarcely  attacked  by  <lilute  alkaUs. 

kramidc,  (CH,),CH.CH(OH).CO.NH,.  is  formed  by 

1  of  cold   fuming  hydrochlonc  acid  on  the  nitril.     It 

I  in  large  tablets  which  are  tolerably  soluble  in  water, 

ether,  aod  which  melt  at  104"  (Lipp), 

im^akrk  Acid,  (CH3)jCH.CH(NH.).C0,H.     A  com- 

this  composition  was  found  by  Gonip-Besanez  in  the 

af  the  ox,  and  he  termed  it  hutalanine,  ^   This  compound 

isembles   the   acid   obtained   by  heating   bromvaleric 

ammonia.     The  latter  compound  is  easily  soluble  in 

Btrely  soluble  in  cold  alcohol,  and  crystallizes  in  laraiuEe 

of  microscopic   prisms  which,    on    heating,  sublirno 

el  ting  (Fittig  and  Clark  ;  Schmidt  and  Sachtleben), 

Hvestigations  have  shown  that  butalanine  ia  different 

i  do  valeric  acid,  and  it  differs  also  in  its  properties 

lidopentoic  acid,  CH3.CH^.CHyCH(XH2)C02H.  which 

*  Lippf  AniL,  Cham,  Fharyn.  ccv.  23^ 

*  M*rkowiiikow,  ZeiUch.  Ch^m,  1870,  517. 

*  ^fifi,  Chem*  Pharm,  xcyiii.  15. 
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latter  is  obtained  from  brompentoic  acid,^  and  from  normal 
butyroaldehyde  ammonia  and  hydrocyanic  acid,^  Butalanine  ispri> 
bably  ethyl  methyl  amidoiw^etic  acid,  C^H^(CH3)CH(NHi).C02lL 

627  P'Oxyvahric  Add,  (CH3)2C(OH).CHj.CO,H,  was  first  pre- 
pared by  M.  and  A,  Saytzeff  by  oxidizing  dimethyl  allyl  carbinol, 
(CHjj\C(OH).CH^.CH;^  CHj.«  it  is  also  formed  by  the  action 
of  pjttossiura  pennanganate  on  valeric  acid.*  It  forms  a  syrup 
easily  soluble  in  water,  alcohol,  and  ether.  It  ia  not  volatilized 
in  a  current  of  steam,  and  on  heating  witli  a  chromic  acid 
st^lution  it  yields  acetic  acid,  acetone,  and  carbon  dioxide,  and 
when  heated  it  decomposes  into  water  and  dimethyl-acrylic  add. 
(CHjJjjCHCH^COjH. 

The  anhydrous  zinc  salt  crystallizes  in  prisms  which  are 
easily  soluble  in  water.  The  silver  salt,  which  does  not  undergo 
change  on  exposure  to  light,  forms  monoclinic  prisms  and  is  very 
diflScultly  scduble  in  cold  water,  though  rather  more  soluble  in 
boiling  water.  It  forms  with  ethyl  iodide  an  ethereal  salt  boiling 
at  about  IW} 

^-AniUovalcric  or  Arnido-dimetkyl-propionic  Acid,  (CH^)| 
C(NH2)CH2X;02H  +  HgO,  is  formed  together  with  aniido- 
isobutyric  acid  by  the  oxidation  of  diacetonamine  (Part  I.  p. 
574?),  It  is  easily  soluble  in  water  and  separates  out  from  a 
mixture  of  ethi?r  and  alcohol  in  glistening  crystals  melting  at 
217°,  but  beginning  to  sublime  at  ISO**, 

Imulchd imdhi/laceik'diMcthylpropianic  A dd^ 

^^\CfCH  )  COH    *      ^^    formed,   together   with    a    small 
quantity  of  the    foregoing    compound,   by    the    oxidation    of 
triacetonamine  (Part  I*  p.  574).     It  forms  a  crystalline  pr>%v  \ 
possessing  an  acid  taste,  diflScultly  soluble  in  cold,  but  rea   ;: 
soluble  in  hot  water,  and  very  slightly  soluble  in  alcohol. 

a-Mcthylfxufhidyric  or  Metho-dhoxalie  Acid,  (C2H^).C(CH^0H 
CO^H,  The  ethyl  stdt  of  this  acid  ia  formed  when  ethyl 
oxalate  is  heated  %vith  granulated  zinc,  methyl  iodide  and  ethyl 
iodide,  to  35"^ — 40\**  It  is  also  formed  by  the  oxidation  of  methyl- 
ethyl-acetic  acid  with  potassium  jierinauganate/  and  likewise 

^  Jnalin,  Bull,  Soc,  Chim.  xxxvu.  3.  *  Llpp,  Lieh,  Ann,  cisxi  SM^ 

'  Ann,  Chem.  Pharm.  clzxxT.  I ((3  ;  Sckirokow,  Jounu  Jtuu,  CA^m.  Get*  xi. 

iJO. 

*  MilJer,  Ann.  Ch&m,  Pharm,  oc  278. 

*  S«mljaniUiii  and  SayUelf,  Atm,  Ch^m,  Pharm,  cxcviL  72, 

*  FrftnkUnd  tod  Dappa,  Proe,  Boy,  Soe*  xir.  IT. 
^  Miller,  Ann.  Chtm,  Pharm,  ce.  282. 
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wheo  metliyl-^thyl  ketone  is  combined  with  hydrcK^yatiic  acid 
and  the  product  decomposed  by  hydrochloric  acid,  aud  lastly 
when  ethyl'metbyl-acetic  acid  is  converted  into  the  mono- 
broBiinated  acid  by  heating  with  bromine  and  this  afterwards 
decomposed  with  carbonate  of  soda.^ 

It  13  easily  soloble  in  water,  alcohol  and  ether,  melts  at  68* 

and  sublimes  in  needles  at  90^     Aqueous  chromic  aciil  oxidizes 

Ut  t;^  methyl-ethyl  ketone  and  carbon  dioxide,^  and  when  heated 

Hbx*  200  hours  w^th  dilute  sulphuric  acid  to  IIS""^ — I2{f  it  decom- 

Boees  into  water  and  methyl-crotonic  acid,  CH3CHllC(CH3), 

'   tO^H.     The  anhydrous  zinc  salt  is  a  crystalline  precipitate  difB- 

^^'-■^  I  tly  soluble  in  boiling  w^ater  and  insoluble   in  alcohoL     The 

^t,>:^yl  gait   is   a  liquid  possessing  a  powerful   ethereal  smell, 

**^iling  at   165''*5,  and  having    a   specific  gravity   at  13"*  of 

^*  Q768. 

•  ^38  ^-Meihyloj^buiyric  Add,  CH3,CHrOH).CH(CH3).C02H, 
^^  formed  when  an  alcoholic  solution  of  ethyl  methyl-acetacetate  is 
,2?^ated  with  sodium  amalgam.  In  order  t^  prevent  the  decompo- 
BFtionof  the  ether  into  carbon  dioxide  and  methyl-ethyl  ketone, 
^e  liquid  is  well-cooled  and  from  time  to  time  acidified  with  dilute 
^Iphuric  acid.^  The  acid  forms  a  sjTiip  which  on  standing  over 
?Vilphuric  acid  becomes  thicker  and  is  converteil  into  the  an- 
jdride    CjfiHjgOj.      The  acid  decomposes  on  distillation,  into 


iter  and  luethyl-crotonic  acid. 

Methyl  Aaioacetic  Acid,  or  a-Acetylpropionic  Add,  CH3.CO. 

[(CH3).C02H.     The  ethereal  salts  of  this  acid  are  prepared 

[^onling  to  a  process  alrciidy  descrilw-'d  (p.  172),  and  are  similar 

the  acetoacetatea.    The  methyl  salt  boils  at  177°*4  and  yields 

rith  ferric  chloride  a  violet-red  coloration  *  and  the  ethyl  salt 

>ils  at  186'  8,  has  a  specific  gravity  at  G"  of  1009,  and  gives  a 

leep  blue  colour  with  ferric  chloride.^ 

It  has  been  stated  under  acet^^acetic  acid  (p.  172)  that  only  its 
Qalts  had  been  prepared.  Since  this  was  written  the  free  acid,  and 
^so  certain  uf  its  homologues,  have  been  isolated,  Tlie  ethereal 
■iait  is  slowly  sapfiinified  by  cold  dilute  potash  solution;  this 
Hklieii^  after  standing  twenty-four  hours,  aciditied  with  sulpluiric 
Htoudd^  is  shaken  up  with  ether,  and  the  ethereal  solution  cautiously 
^evaporated,  when    a  mixture  remains  of  the  free  acid  and 

*  Bockmg.  Anfu  Chniu  Phnrm,  en  v.  18. 

'  Chapman  lind  Smith,  Joum.  Chem,  Soc.  N-S.  v.  296. 

>  Rohrbeck,  Avn,  Chem,  Pkann.  clixrviii.  229  ;  Miller,  ih.  cc,  260, 

«  Brandesy  ZciUch.  Ckevu  1866,  458.  *  Geather,  JahresL  1865,  303. 
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the  unattacked  salt.     This  latter  is  removed  by  rubbing  tip 
the   residue   with  wati^r   and  btiriiim  carbonate,  and    '     ' 
the  acid  from   the  resulting  barium  salt  by  the  pr<M 
described. 

Acetoacetic  acid  is  a  thick,  strongly  acid  liquid,  which  de- 
composes violently,  even  below  lOO*',  into  carbon  dioxide  and 
acetone ;  and  methyl -acetoacetic  acid  comports  itself  in  an  exactly 
corresponding  manner^ 

a-Amidope7itoic  Acid,  GU^,Q:VL^.CS^.CR{^U^:)C0^,  is  oh- 
taLned  by  the  action  of  ammonia  on  a^brompentoic  acid>  and 
crystallizes  from  water  in  long  prismatic  needles,' 

629  yOxypmtoic  Acid,  CH3.CH(OH).CH3.CH2  CO^H,  is  not 
kno^vn  in  the  free  state,  but  its  anhydride  termed  vaterol4ici<m€ 
has  been  prepared. 

W\\en  allyl-acetic  acid,  CHg^CH.CHg.CHa.CO^H,  is  brought 
in  contact  with  hydrobromic  acid,  combination  takes  place,  7-brom- 
pentoic  acid  being  formed,  and  this  when  heated  with  water  is 
converted  into  valerolactone.*  It  may  be  obtained  more  readily 
by  acting  on  ^-acetylpropionic  acid,  CH3,CO.CH2.CH^.C02H, 
with  sudtum  amalgam  and  water.'*  It  is  a  liquid  p:>ssessing  a 
weak  but  not  unpleasant  smell,  boiling  at  206** — 207^  and  forming 
with  water  a  neutral  solution  from  which  it  may  be  with<lrawn 
by  ether-  When  boiled  with  baryta-water  it  yields  bariuiu 
oxypentiJate,  an  amorphous  substance  like  the  similarly  prepared 
calcium  salt.  Silver  pcTitocUe,  C^H^O^Ag,  is  somewhat  difficultly 
soluble  in  cold,  though  readily  soluble  in  boiling  water,  aod 
it  crystallizes  in  asjrmmetric  prisms.  Valerolactoue  lias  the 
following  constitution : 

I       L 

O CO 

In  addition  to  this  several  other  ladon^s  are  known.  The 
lowest  member  of  the  series  is  the  anhydride  of  7-oxybutyric  add, 
a  body  which  has  already  been  described  (p,  169).  The  general 
formula  of  these  bodies  is 


XCH.CHj.CH, 


O- 


^CO 


1  Ceresole,  B^.  Deutifeh,  0tem,  Oe^,  xr.  1S28  and  1871* 
^  Ouitiii,  BulL  Snc.  Chim.  Iinciii.  3. 

•  Messerschniiilt,  Ann,  Chetn,  Pharm,  ceviil  92. 

•  Wolfi;  ifr.  ccviiL  104. 
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la  "^vhich  X  signifies  hydrogen  or  an  alcohol  radiccal  None  of 
the  acids  coTTesponding  to  these  lactones  are  known  in  the  free 
state,  but  their  salts  are  known,  from  which  acids  hbcrate  the 
lactone,^ 

630  ^-Acetytpropionic  Acid,  CH3.CO.CH2.CHg.CO2H,  was 
ftrst  prepared  by  ToUens  and  A.  v.  Grote  by  boiling  ciine-sugar 
wAth  dilute  sulphuric  WiAi\,  and  termed  by  him  licmdmk  acul} 
CoBiad  then  showed  that  this  same  acid  is  obtained  by  the 
decomposition  of  ethyl  aceto-succinat-e  with  baryta-water :  ^ 


CH, 

CO 

I 

CH.CO.OC2H5 


CH, 


2H,0 


=  h 


H,    +   COj  +  2H0.CjHb. 


CH, 
CO.OH. 


I 


I^Bvtilinic  acid  is  alao  easily  formed  when  laevulose  (Isevo- 
it>tatory  grape-sugar)  is  boiled  wnth  dilute  sulphuric  acid  or 
^ydrochJoric  acid.  In  place  of  this  sugar,  such  carbo-hydrates 
^'^^^y  1)6  employed  as  yield  this  body  on  treatment  with  dilute 
*<^ds.*  ililk-sugar  and  dextro-rotatory  grape-sugar  (dextrose) 
f^>  however,  on  the  other  hand  only  converted  w4th  diflBculty 
^^  this  acid,*  Formic  acid  is  always  formed  together  with 
^'^  a-bove  acid : 

L  C,H,  A  =  C,HA  +  CH,0,  +  H,0. 

-^  part  of  the  sugar  is,  in  this  reaction,  converted  into  a  brown 
**^tiius-Uke  body,  so  that  in  the  most  favourable  cases  100  parts 
f  ^*  Cane-sugar  yield  14  parts  of  IfEvuIinic  aeid.^   Usually,  however, 
^  ^uch  smaller  yield  is  obtained  (Grote,  Kehrer  and  ToUens). 

Lfievulinic  acid  is  easily  soluble  in  water,  alcohol,  and  ether, 
^^*^  crystallizes  in  scales  melting  at  SS'^'S.  It  is  very  hygro- 
^^pic»  and  traces  of  moisture  lower  its  boiling  point.  Its  specific 

^  Fitlig,  Aim,  Chem,  Fhann,  ccTXii  111, 

'  Anru  Chem^  Fharm,  cLcxv.  181 ;  setj  also  Grote,  Kelirer  tnd  Tollens,  ib, 
^cfi  207.  *  2h.  dxiiviii.  222. 

*  Beiite,  Ber,  DtaiMeKChrm,  Ots.  viil  41S ;  ix,  1157. 

*  Orote  and  Tollena,  Ann,  Chem,  Pliarm,  tcvL  226  ;  Kodewald  imd  Tolleua,  ib, 
^Srti,  23, 

'  Coniady  Ber,  DnOacK  Chem,  Ge$,  id.  2178. 
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gravity  is  1*135  at  15\  and  it  boils  with  sliglit  decompositioii 
at  239*.  When  heated  with  hydriodic  acid  and  amorphous 
phosphorus,*  or  treated  with  sodium  amalgam  in  acid  solution,* 
it  is  reduced  to  normal  pentoic  acid.  On  oxidation  with 
dilute  nitric  acid  it  yields  succinic  acid,  acetic  acid,  oxalic 
acid,  and  carbon  dioxide,  and  in  addition  hydrocyanic  acid  and 
ammonia.^ 

631  The  laBvuIinates  of  the  alkali  metals  are  very  soluble  iu 
water.     The  barium  salt  is  amorphous. 

Caicimn  Lmvulitiate,  (C^llj0^fi&,  crystallizes  from  water  in 
easily  soluble  needles  having  a  silky  lustre. 

Zinc  LctmiUnate,  (C^H^O^JjjZn,  forms  silver-white  needles  or 
scales,  which  are  easily  soluble  in  water  and  alcohol. 

Silver  Lwvtdmak,  CgHyO^Ag,  Ls  difficultly  soluble  in  cold 
water,  more  soluble  in  hot  water,  and  crystallizes  in  long  six- 
sided  tables. 

The  ethereal  salts  of  laevulinic  acid  are  liquids  which  hafe 
a  fruit-like  smelL  The  following  have  been  prepared  (Grote, 
Kehrer  and  Tollens) : 


Methyl  Iseviilinate,  C5H7(CHj)03 
Ethyl  laB\^linate,  C^H^iCgH^)©, 
Propyl  Isevulinate,  C5H7(C,Hy)o» 


B.P.  8p,  Or,  at  0* 

19r-5  10684 

200°*5  1-0325 

215^-5  10103 


a-TrichloToxypentoic    Add,    CH3.CCle.CHClCH(OH).C04H. 

The  nitril  of  tliis  acid  is  formed  by  the  utiiou  of  butyl  chloral 
(p.  1I>0)  with  hydrocyanic  a^-id.  It  crystallizes  m  laminae, 
melting  at  lOr — 102^  and  is  diflScultly  soluble  in  water,  but 
dissolves  readily  in  alcohols  When  heated  with  strong  hydro- 
chloric acid  the  oxyacid  is  obtained,  which  is  scarcely  soluble 
in  cold  water,  but  is  readily  soluble  in  alcohol  and  ether.  It 
crystallizes  in  gypsum-like  tables  which  melt  at  140^  When 
the  alcoholic  solution  is  saturated  with  hydr(K;hli>ric  acid,  the 
ethyl  salt  is  obtained,  crystallizing  in  long  prisms  melting  at 
40**  and  boiling  with  slight  decomposition  at  2j5°, 


I  Kehrer  and  ToUcna,  Ann,  Chem,  Pkarm,  ccvi.  2S3. 
'  Yiitl^,  ik  oeviii.  109.  •  Tollciia,  t%  ccvi.  257, 

*  Bisc'boff  and  Pinuer,  Ann,  Chan,  FhartA,  dxiix.  fi7  ;  HancT  and  Eleia» 
Bet.  Jkutsck  Chem.  Oas,  xL  1488* 


GLUTARIC  ACID. 


i 
I 


Dibasic  Acids,  C^HgO^. 

633  Glutaric  Acid,  C0.^H.CH2,CH^.CH^.C0^H.  was  first 
obtaineil  by  Dittmar  by  heating  gliitanic  acid.  C3H^(OH)(C02H)a, 
(to  be  hereafter  described)  with  hytkiotlic  acid,  anil  termed  by 
him  desoTifglutanic  acid}  It  is  obtained  synthetically  w^hen  tri- 
roethylene  bromide  (p.  130)  is  heated  with  potassium  cyanide 
and  alcohol,  aod  the  product  boiled  with  potash.^  It  is  also 
formed  when  ethyl  sodaoetacetAte,  diluted  with  heuzene,  is  treated 
witli  ethyl  ^-ioilopropionate,  when  the  ethyl  salt  of  acetoglutaric 
add  is  first  formed,  a  slightly  smelling  oily  liquid  boiling  at 
271* — 272**,  and  <iecomposed  by  caustic  potash  into  glutaric  and 
acetic  aci<ls  and  alcohol.* 

Glutaric  acid  is  efisily  soluble  in  water,  alcohol,  and  ether, 
crystallizing  in  large  monoclinic  prisms  melting  at  OT'^'S,  and 
boiling  with  slight  decomposition  at  302'*^ — 30'i''.  Of  its  salts, 
tine  gbdarate,  CiiH^O^Zn.  ia  specially  characteristic.  It  crystal- 
lizes  in  needles  and  dissolves  at  18*  in  102  parts  of  water. 
When  a  gaturated  solution  is  heated,  it  separates  out  as  a 
granular  precipitate  consisting  of  characteristic  microscopic 
crystals, 

Tlte    ethyl    salt.    CfiH^O/CjHJj,    is    a    liquid    boiling    at 
236*'5— 23r, 

Glutaric  Anhydride,  C^H^jO^,  is  formed  by  heating  the  acid 
■for  some  time,  or  by  treating  the  silver  salt  with  acetyl  chloride. 
It  crystallizes  from  ether  in  long  needles  which  melt  at  56° — bT, 
^jid  boils  with  partial  decomposition  at  282** — 287^* 

^midoglu^aric  Acid^  or  Glutaminic  Add,  C^H^(NH;,)(C0^H)2» 
is  formed  together  with  other  compounds,  when  various  albu- 
^xiinotd  substances  are  boiled  with  dilute  sulphuric  acid,^  or  with 
liv  '  'no  acid  and  tin  dichloride.^  Glaiamiiu,  the  corre- 
^ip.  iiomologous  amide  of  asparagine,  is  found  in  beet-root,^ 


I 
ft 


1  Jmtm,  Prakt.  CJum.  \%\  v,  338. 

*  inii..  F  .*niiootow  tttid  Markowaikow,  Ann 
'X^  .  Chim.  Fhys.  ffil.  xir.  501. 

.118  wid  Timpaeh,  Ann,  Ch*m.  PHarm,  cxcii.  128. 

*  iUjkowinkow,  Joanu  Rum,  Chan,  Get,  ix.  283, 

*  mtthAii»ea,  JoarH.  PttUcL  Cfum,  tcix,  454 :  ciii.  65  and  274 
SI  4. 

'  IManifretzarKJ  Ha^termftnn,  Ann,  Chem.  Phami,  clxlx.  157. 

T  s<'h-i-.    r  r    iLuf^^x  Che^ii.  Gt^,  X.  85. 

•C  X.  780. 

•  Sch  .  ri,  Juum,  PrakU  CTum,  [2],  xx,  891. 


ff^jX 


Chcm,   Phar./i.    clxxxii.    841 


evil  208  i  [2], 
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obtaioed  in  the  pure  state  from  these.  It  is  converted  by  boiling 
with  hydrochloric  acid  into  glutaminic  acid.  Glutaminic  acid 
crystallizes  iu  rhombic  pyramids  or  sphenoids.  It  dissolves 
at  IC"  in  100  parts  of  water,  is  less  soluble  in  spirit  of  wine,  and 
does  not  dissolve  in  absolute  alcohol  lU  salts  crystallize  welL 
and  it  also  combines  with  acids. 

633  a-Oxi/glufaric  Acid,  or  Gluianic  Acid,  C3H5(0H)(CO2H)^, 
was  obtained  by  Ritthausen  by  the  action  of  nitrous  acid  on  gluta- 
minic acid.*  It  is  best  to  employ  the  hydrochlorate  of  this  latter 
body,  and  to  add  the  requisite  quantity  of  potassium  nitrite  to 
its  dilute  solution,  and,  to  ct>mplete  the  decomposition,  nitrogen 
trioxide  is  led  in.  The  liquid  is  evaporated  on  a  water-bath,  and 
the  acid  extracted  with  ether.^  Oxyglutaric  acid  occurs  in 
molasses,  being  probably  a  product  of  decomposition  of  the 
glutaminic  acid  contained  in  the  sugar-cane.*  It  is  easily 
soluble  in  water^  and  forms  small  crystals  melting  at  72" — 78* 
and  solidil^nng  to  a  transparent  mass.  When  the  solution  is 
neutralized  mth  zinc  carbonate  and  evaporated  to  a  syrup, 
transparent  four^sided  tables  separate  out  after  a  few  days. 
These  are  converted  by  hot  water  into  a  difficultly  soluble 
pulverulent  salt  which  cannot  be  again  transformed  into  the 
soluble  variety,  and  which  is  deposited  from  hot  saturated 
solution  in  warty  concretions  or  small  needles  having  the 
composition  Cf^H^O^Zn  +  3H^0. 

fi'Oryghitaric  Acid,  C^Hg(OH)(C02H)2,  was  obtained  by 
Simpson,  who  termed  it  OTypyrotartaric  acid,  by  heating  dichlor- 
hydrin,  CH^CLCH(0H).CH2C1  (sec  Glycerine),  with  alcohol  and 
potassium  cyanide,  and  boiling  the  product  with  caustic  potaah. 
It  forms  crystals  easily  soluble  in  water,  alcohol,  aud  ether. 
and  mdting  at  135V  Its  constitution  is  seen  from  its  mode  of 
formation,  and  aa  only  two  isomeric  normal  acids  of  this  com- 
position can  exist,  that  of  the  a-acid  is  thus  also  determined : 


o-Oivglutaric  Acid. 

^•OiTslnUrift  Add. 

CHyCOjH 

CHrCOjH 

in. 

CH(OH) 

CH(OH).CO,H, 

CH,CO,a 

*  Joum^  Praki,  Chem,  ciii.  283. 

'  Mukownikow.  Ann,  Ch<m,  Fharm,  clxrxll  818. 

•  Voti  Lippmann,  Ber,  Deutich,  Clum,  OtM,  XT.  11041. 

♦  Proc.  H&y,  So€.  jdii.  44. 
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634  Pyrotartaric  Add,  or  Meihylmcdnic  Acid,  C0jH,CH(CH3}. 
CH^COjH,  The  history  of  this  acid  13  to  bo  found  under  the 
heading  of  Pyroracemic  Acid.  It  is  formed  together  with  this 
hody  and  other  products,  in  the  dry  distilktion  of  tartaric  acid 
*iid  its  isomerides,  as  well  as  when  these  are  heated  >vith  con- 
centrated hydrochloric  acid  to  180**.*  Its  formation  probably 
precedes  that  of  the  pyroracemic  acid,  as  this  latter  acid,  which 
*^ented  either  by  itself  to  ITO*'^  or  with  hydroclJoric  acid  to 
lOO",*  also  yieUls  pyrotartaric  acid.  It  is  therefore  also 
ff^rmed  in  the  distillation  of  glyceric  acid  (p.  153).  Simpson 
*^V>tained  it  synthetically  by  heating  propylene  bromide  %Wth 
^^tagsium  cyanide  anil  alcohol,  and  heating  the  pyi^tartjwiUril, 
^^Hj.CH(CN).CHj,CN,  thus  obtained  with  fuming  hyilrochloric 
^^(1,5  This  nitril  is  a  liquid  which  boils  at  252** — ^254^  and  on 
^^^wling  crystallizes  to  colourless  transp^u'ent  prisms  which  melt 
^^t  1 2*/  Wislicenus  prepared  this  acid  from  /9-brombutyric  atud 
^y  heating  the  ethyl  salt  with  potassium  cyanide,  and  boiling 
^^Jie  product  with  caustic  p<itash.*  Conrad  then  showed  tliat  it 
%&    formed   when   ethyl    sodacetacetate   is  treated   with   ethyl 

>«-brompropionate,  when  ethyl  ff-methylacHmucciiiaie,  boiling  at 
259"*,  is  fonne«l,  and  this  is  decomposed  by  caustic  potash  into 
|]yrotartaric  acid,*^  It  was  obtained  in  the  same  way  from  dhyl 
_  arfruthyUtceiomcciiuiU,  CB^C{G0.Gn^){CO^G^B.^)Gk^CO^0^^^ 
y  a  liquid  boiling  at  26.^,  and  obtained  by  the  action  of  methyl 
iodide  on  ethyl  sodacetosuccinate.^ 

In  order  to  prepare  pyrotartaric  acid,  a  mbcture  of  tartaric  acid 
and  powdered  pumice-stone  ^  is  distilled  in  the  following  way ; 
4O0  grams  of  tartaric  acid  are  kept  for  15 — 20  minutes  in  a  state 
of  fusion  and  then  more  strongly  heate<l  until  ticid  vapours  are 
evolved^  mixed  with  400  grama  of  hot  pumice  powder,  and  then 
the  whole  slowly  distilled  in  a  retort,  the  operation  lasting  8 
or  9  hours."  The  distillate  is  then  dissolved  in  3  to  4  times 
ita  bulk  of  water,  and  separated  from  the  oily  products  by  means 
of  a  moist^neil  filter.     The  liquid  in  then  evaporat*;d  on  a  water- 

Lbatb  and  the  coloured  acid  is  recrystallized  from  dilute  nitric 
^  Oenther  ud  EiemiDD,  ZeUxk^  Chem,  1869«  318. 
•  Cl^rnuont,  B€r,  Deuttek,  Chew^  Oes,  ti.  92  ;  Bdttinger,  ib  U,  837  ftud  1823. 
*  PhiL  TrruM.  1861,  parti  p.  (SI ;  iee  Alao  Clatta^  Ann,  Ohem,  Fhtmn,  cxcL  S7. 
•  rinner,  B^.  Ihut^ck,  Chem,  0€9,  xiL  2053. 
•  Anji^  Chem,  Fharm,  cbv.  9.1. 
L  •  Ann^  Chem,  Phnrm,  clxxxvuL  227, 


^  Afptir,  Ann.  Chsm.  Phnrm.  livi,  73. 
*"-'^  Ci?mpt,  Jkrul  Ixx.  1000. 
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aciJ.  The  difficultly  soluble  acid  potassium  pyrotartrate  *^ 
prepared  from  the  raother-tiquors,  recrystallized  from  w^^ 
alcohol,  dc^coniposed  by  sulphuric  acid»  and  the  pyrotartaric  aC^^ 
extnifted  with  ether,  ^ 

If  tartaric  acid  be  dissolved  in  an  equal  volume  of  acetic  acid  att^ 
evapjrated  over  a  naked  flame  until  it  becomes  syrupy,  and  thi^ 
allowed  to  skmd,  pyrotartaric  acid  crystallizes  out  in  a  few  days-- 
If  india-rubber  be  boiled  with  caustic  potash,  amongst  other  acid^^ 
which  are  formed,  8  per  cont,  of  pyrotartaric  acid  is  obtained,-^ 
Pyrotartaric  acid    cryst<dlize3  in   small   triclinic   prisms   whicl^* 
are  grouped  in  stelhir  masses  or  warty  concretions.     It  dissolves 
at  20"*  in  1'5  parts  of  water,  and  is  also  easily  soluble  in  alcohol 
and  ether.     It  has  a  co<>l  purely  acid  taste,  melts  at  112*',  and 
decomposes,  when  quickly  heated  above  200**,  into  water  and  the 
anhydritle.     If,  however,  it  be  exposed  for  a  long  time  to  a  tem- 
perature of  2W — 210**  small  quantities  of  butyric  acid  and 
carbon  dioxide  are  also  formed/     The  latter  products  of  decom- 
position iire  given  off  %vhen  the  aqueous  solution  is  exposed  to  ^ 
sunlight  in  the  presence  of  a  uranic  salt.^  I 

635  Normal  Potmsium  PyroUtrirate,  C^H^jO^K^  -h  2H2O,  is  very 
easily  soluble  in  water  and  crystallizes  in  flat  prisms,  which  on 
exposure  to  dry  air  lose  on©  molecule  of  water  and  are  converted 
into  warty  masses  consisting  of  microscopic  needles. 

Add  PolassmiTi  Pyroimirate,  CgH^O^KH,  is  precipitated  from 
the  saturated  solution  of  the  foregoing  salt  by  the  acid  in  the 
form  of  a  crystalline  powder.  It  crystallizes  from  hot  water  ia 
large  transparent  mouoclinic  prisms. 

NoDiml  Cakimu  Pyrotartrate,  CgHgO^Ca+SH^O,  crystallizes 
in  microscopic  four-sided  prisms  which  dissolve  in  about  100 
parts  of  boiling  water.  If  dissolved  in  the  aqueous  acid  and 
the  solution  carefully  evaporated,  crystals  of  the  compound 
(Cj^H^O J^Ca  -h  ^C^Hgb,  +  4H^0  are  deposited.^ 

Normal  Lead  Pyrotartrafe,  C^HgO^Pb  +  2HjO,  is  very  slightlr 
soluble  in  cold  water  but  dissolves  more  readily  in  boiling  water* 
and  crystallizes  in  prisms. 

Silver  PyroiaHrate,  C^H^^O^Ag^,  is  a  slimy  precipitate,  slightly 
soluble  in  hot  water;  it  dissolves  more  readily  in  ammonia, 
from  which  it  crystallizes  in  needles, 

I  Bourgoin,  Ann.  Chi7n.  Phy*.  [5],  ixL  419, 

*  Saa\  ZeUsch.  Ohcm,  1870,  432. 
'  Burth  and  Hlasiwetz,  Ann^  Chtm,  Pkarm,  cxxxviii  73. 

*  t'lftus,  Attn.  Cficja.  Fharrn.  cxci.  4S.  *  SeelEAmp,  i6.  Cixxiii.  ! 
'  Arppe,  Ann.  Chem,  Pkarm,  Ixvi  73|  zc  133. 
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The  eolutioDS  of  the  normal  salts  are  precipitated  yniik  ferric 
chloride. 

MAifl  F^ndarimie,  Cfif>^{CJ3.^^  is  an  oily  liquid  boiling 
with  decompofiition  at  218*,  possessing  a  burning  bitter  taste,  and 
smelling  like  sweet  flag.^ 

J^frotartaric  Ankydridi,  CgH^O^  is  best  obtained  by  heating 
the  acid  with  phosphorus  pentoxide,*  It  is  an  oily  liquid  boiling 
at  245*  and  is  slowly  dissolved  by  water, 

Oxypffroiartaric  Acid,  or  a- Mtihoxy succinic  Acid,  C^'^iOWiO^. 
rhis  acid  is  formed  when  ethyl  acetacetate  is  heated  for  3  days 
with  anhydrous  hydrocyanic  acid  and  the  product  boiled  with 
bjrdrochlunc  acid : 


CH, 
C(OH)CN 


J 


IC(OH)CN  +  HCi  +  3H^0  =  C(0H)CO.0H  + 

CH4.C0.0C,H^  CH,.CO.OH 

NH^CI  +  HO.C,H,. 

^  tlie  solution  be   allowed  to   evaporate  over  sulphuric  acid, 

^^^les  united  in  stellar  groups  are  deposited,     Theao  melt  at 

^^.  are   very  deliquescent,  and  also  easily  soluble  in  alcoliol 

^^  ether.     When  heated  to  200*  they  decompose  mainly  into 

^ter  and  citraconic   anhydride,  a   body  which,  togetlier  with 

prions  isomeric  oxypyrotartaric  acids^  will  be  descnbed  under 

^*-le  head  of  Citric  Acid. 

636  Ethyl  ilalonic  Acid,  CH3.CHj.CH(C0JI)j,  Wlien  the 
^tiryl  sait  of  a-brombutyric  acid  is  heated  with  potassium  mercuric 
^^^^'anide  to  130^  the  corresponding  salt  of  a-cysuxhutyric  acid  is 
Obtained,  Tliis  is  an  aromatic  smelling  liquid  hr>iling  at  200\ 
^nd  on  heating  with  hydrochloric  acid  or  caustic  potash  is  con- 
X-erted  intt>  ethyl  raalonic  acid.'  Tliis  acid  is  easily  soluble  in 
"V-ater,  alcoliol,  or  ether,  and  crystallizes  10  rhombic  prisms  which 
^nelt  at  111**5  and  decompose  at  160*  into  carbon  dioxide  and 
butyric  acid.  Its  calcium  salt,  C^^H^O^Ca+HjO,  crystallizes  in 
prisms  and  dissolves  more  readily  in  cold  than  in  hot  water. 
Eolations  of  itt  normal  salts  are  not  precipitated  by  ferric 
^:;"hloride, 

*  GTtiii«r«  NetiJoum,  Fhnrm.  nir.  65  ;  BUlagati,  ih.  ixr.  272  ;  Arppe,  loe.  tU* 
^  DeiBMfCBy*  BulL  Soc  Chim,  [2],  xxvii.  120  ;  Mottib,  J<mm.  Cheirw  Soc.  )8dO« 

'  Wi^Iicentis  tnd  Urech,  Ann.  Chem,  Pkarm,,  clatv.  99;  Tnpobir,  d,  elxsii 
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The  ethyl  salt  was  obtained  by  Markownikow  by  tlie  actiaa 
of  ethyl  iodide  on  the  silver  salt,  and  Conrad  prepared  it  from 
ethyl  malonate  by  adding  16  grama  of  this  substance  and 
20  grams  of  ethyl  iodide  to  a  solution  of  2'3  parts  of  sodium  in 
25  gntms  of  absolute  alcohol^  and  then  isolated  the  ethereal  salt 
by  fractional  distillation.  It  is  a  mobile  liquid  which  boikat  207° 
and  at  18**  has  a  specific  gmvity  of  I*0Q8.'  When  acted  upon 
by  chlorine  it  is  converted  into  the  tthyl  salt  of  ctkyl  cJUorrfiaknic 
add,  CH,.CH2.CCl(C05jC^H,)j,  a  liquid  boiling  at  228^ 

JSthyl  Oxymalonic  Acid,  or  Ethyl  Tartrome  Acid,  CHgCHj. 
C(OH)(COgH)j,  is  formed  by  heating  the  cblorinatt^d  ethereal 
salt  with  baryta-water.  It  is  crystalline,  soluble  in  water,  and 
melts  at  98"*,  decomposing  at  180°  into  carbon  dioxide,  and 
a-oxybutyric  acids,  products  which  are  also  formed  when  the 
chlorinated  ethereal  salt  is  boiled  for  some  time  with  dilute  hydro- 
chloric acid  in  connection  with  an  inverted  condenser,* 

Dimdhjl  Malonic  Acid,  {QE^j^{CO^\^  was  obtained  by 
Markownikow  by  heating  the  ethyl  salt  of  bromisobutyric 
acid  with  water  and  cyanide  of  potassium.  The  product  is 
then  treated  with  sulphuric  acid  and  the  impure  cyaniso- 
butyric  acid  extracted  by  ether  and  decomposed  by  potash. 
The  solution  is  then  evaporated  and  after  acidification  treated 
with  ether,® 

Dimethyl  malonic  acid  is  somewhat  less  easily  soluble  in  water 
than  its  isomeric  acids,  and  is  difficultly  soluble  in  alcohol. 
It  crystallizes  in  four-aided  prisms  which  sublime  in  feather-like 
needles  at  about  120*  and  melt  at  170*",  when  decomposition 
into  carbon  dioxide  and  isobutyric  acid  occurs.  Its  calcium 
salt  is  easily  soluble  in  cold  water,  and  eeparates  out  on 
warming. 


*  Ann.  Chttn,  Flmrtn.  ociv,  184, 

*  Guthzeit,  Ber,  Drntsck,   Chem,  Oct.   xiv,  618. 
2S1 

*  Ann*  Chem,  I^arm.  clxxxii.  336. 
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THE  HEXYLENE  COMPOUNDS. 

637  Normal  Hexylme,  C^H^^  can  exist  in  three  isomeric  forms : 

Butyl-ethylene,  CH3.GIlj.Cn^CH,.CH  zz  Cl\ 

Methyl-propyl-ethylene.  CH,.CH2,CH,.CH  z:  CH^CH^. 
Diethyl-ethylene,  CH^.CH^CH  z:  CttCHa^CH^. 

Of  these  only  the  second  is  known  with  certainty,  This  is 
easily  obtained  by  heating  secondary  hexyl  iodide  with  alcoholic 
potash.^  It  is  a  liquid  possessing  a  faint  garlic-] ike  smell,  boiling 
under  a  pressure  of  737"*  9  at  67''.  and  having  at  0°  a  specific 
gravity  of  0  6997.  If  dissolved  in  a  mixture  of  1  volume  of 
water  and  3  volumes  of  sulphuric  acid,  and  if  water  he  then 
added^  methyl-butyl  carbinol  separates  out.  It  easily  unitas  with 
hydriodic  acid  to  form  the  corresponding  iodide,  and  also  com- 
bines slowly  in  the  cold  with  hydrochloric  acid  to  form  secondary 
hexyl  chloride.  It  is  converted  by  oxidation  into  butyric  and 
acetic  acids.^ 

An  hexylene  possessing  the  same  composition  is  obtained 
when  the  mixture  of  monochJorides  obtained  from  tiie  normal 
hexane  derived  from  mannite  is  heated  with  potash  and  alcohol. 
At  the  same  time  a  mixture  of  methyl  hexyl  ethers  is  obtained.^ 
On  the  other  hand,  hexane  from  petroleum  yields  together  mth 
the  ethers  a  mixture  of  two  hexylenes,  one  of  which  unites  with 
hydrochloric  acid  to  form  a  hexyl  chloride  boiling  at  116° — 11 8"*, 
the  alcohol  of  which  yields  acetic  and  propionic  acids  on  oxida- 
tioiL  This  would  show  that  a  normal  paraffin  is  mixed  witli 
the  hexane.  The  second  hexylene  does  not  combine  with 
hydrochloric  nntU  it  is  heated  to  130° — 140",  but  the  hexyl 

*  Eri«imieyer  ftnd  WMiklyn,  Ann.  Chem.  Phann.  cxxxv.  141  ;  Hecht,  ib, 
cirr.  150, 

'  Heclit,  Ber,  Ik%tijKh,  Chan.  Ot».  xt.  1152;  DomM,  Monatth.  Chan*  u.  SOS). 

*  Scliorlemmer,  Frvc,  Moil  Soc*  zxiz,  864. 
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chloride  thus  obtained  is  identical  with  that  got  from  maunite,^ 
Probably  this  hexyleoe  is  the  isomeric  batyl-ethylene. 

Two  bexylenes  have  been  found  in  the  products  of  the  distil- 
lation of  pitch  from  Pechelbronii,  possessing  the  same  properties 
as  those  from  petroleum.* 

Methyl-inopyl-eiliykiie  Glycol,  C^H^(OH)j.  This  was  first 
obtained  by  Wurtz  by  the  same  process  as  ethylene  glycol  * 
It  is  also  formed  by  heating  the  bromide  with  dilute  solution 
of  carbonate  of  potash,*  or  with  dilute  sulphuric  acid,*  It  is 
a  thick  liquid  soluble  in  water,  boiling  at  207^  and  having  at 
0*  a  specific  gravity  of  0'9609.  On  oxidation  it  yields  the  same 
products  as  the  olefine*  When  heated  with  hydrochloric  acid  it 
forms  the  chlorhydrin.  which  is  also  produced  by  the  union  of 
hexyleoe  with  hypochlorous  acid.  This  is  a  heavy  colourless  liquid 
which  decomposes  on  heating.  Nasceot  hydrogen  converts  it 
into  methyl-butyl  carbinol  (Domac).  Hence  its  constitution  is 
C3H7.CHCICH(0H)CH5.  When  distilled  with  caustic  p<:)tasb 
it  yields  bexylene  oxide,  C^Hj^O,  a  hght  pleasantly  smelling 
liquid  boiling  at  115**  (Wurtz), 

B'txeyfrne  Bnmiide,  C^Hj^Brg,  is  a  strongly  smelling  oily  li<^iud, 
boiling  at  193' — 197^  and  having  a  i>pecific  gravity  at  O'*  of 
1  0058,^  When  heated  with  potash  and  alcohol  hromhc^Une, 
C^jH^jBr,  is  formed,  a  liquid  boiling  at  ViS*" — 141**,  and  having  a 
specific  gi'avity  at  Q°  of  1-2205. 

a-Ethyl-dhndhytdhylene,  CgH^CCH^C  ^  CH.CH,,  is  formed 
as  a  by-product  in  the  preparation  of  diethyl- nietbyl-carbinolt 
and  also  when  its  iodide  is  decomposed  with  alcoholic  potash: 


ch,,chPci   - 

ch:/ 


CH,.CH=C 


+    HI. 


It  is  a  liquid  boiling  at  69'''5 — 71^  and  having  a  specific  gravity 
at  0**  of  0'698.  On  oxidation  it  yields  acetic  acid  and  ethyl* 
methyl  ketoneJ 

fi'Eihyl-dimethyl'ethyleru,  C^H^/C  =  C(CH3)2,  is  obtained  in 
the  preparation  of  dimethyl-propyl-carbinol  as  well  as  by  the 

^  MorgnHf  Jo\^m,  Chtm.  Soc  K.S«  zili,  301 ;  clxxvii,  SOi;  Schorlemiaer,  ih, 

2  Le  Bel,  B%ai.  Soc.  Chim,  iviii,  167. 

»  Ann.  Chun.  Phys.  [4],  iii.  ISO. 

«  Heeht  and  Munier,  Ba^,  JkuUch,  Ohem,  Qti,  xL  T15I. 

»  HecUt,  ib,  JUL   U23. 

*  Hfclit  and  8trau85,  Ann,  Ckem*  Phnrm,  dxacti.  <J2. 

"  Tchaikowakjr,  Jaftrcsb.  1S72,  350  ;  Jawdn^  Ann.  Chan,  Pkamw  cxcv,  2W. 
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It  boili?  at  65° — 67**,  and 
On  oxidation  it  yields 


I  of  caustic  potash  on  thct  icHlide, 

has  a  specific  gravity  of  0*702. 
le  and  acetic  and  propionic  acids.^ 

fudo-hutyl-dhylcne,  (CHjj)^C.CHlzCH^,  is  formed  by  heating 
olyl  iodide  (Part  I.  p.  633^)  with  water.     It  is  a  liquid  boU* 
t  70**,  and  with  broiniue  forming  a  crystalline  dibromide.^ 
ramethyi*t'thi/len€,  (CHg)^ClzC(CH^j„  is  formed  by  acting 

alcoholic  potash  on  the  iodide  of  isopropyl-diinethyl- 
loL  It  is  a  liquid  boiling  at  73"*,  and  having  a  specific 
Mr  at  0**  of  0712.^  On  oxidation  it  yields  acetone,  together 
betic  acid  and  tertiary  valeric  acid^ 

t  Tetmmcihyl'€thyhne  Glyoal,  (CHjj),CC0H)r(0H)(CH3)„ 
prepared  by  Fittig  by  acting  with  Kudiuni  on  acetone,  and 
td  paracetone/  Stadeler,  who  investigated  it  more  exactly, 
to  it  the  name  of  piTtacone,  which  it  now  usually  bears 

wiua^,  a  tablet),  because  it  unites  with  water  to  form  a 
ound  crystallizing  in  large  tablets.^  Friedel  then  showed 
it  is  formed  (tr»gether  with  isopropyl  alcohol)  by  the  action 
)lium  amalgam  on  an  aqueous  solution  of  acetone.<» 


CHjCH, 
CO 

H 

CH,  ca, 

VoH 

CO 

+ 
H 

C.OH 

CH,  CH, 

C'H^CHy 

it  is  obtained  by  the  action  of  sodium  alone,  with- 

addition  of  water,  is  accounted  for  by  the  fact  that 

tlie  acetone  is  converted  into  mesityl  oxide  and  phorone 

iparation  of  water  (see  Part  I,  pp.  572,  573). 

onnation  from  acetone  renders  it  ver>^  probable  that  it  is  a 

I  of  tetraniethyl-ethylene,  and  this  is  further  proved  by  the 

hat  it  is  also  formed  when  the  dibromide  of  this  oletine  is 

with  silver  acetate,  and  the  diacetate  then  decomposed  hy 

In  order  to  prepare  it  a  solution  of  carbonate  of  potash 

of  such  a  strength  that  it  does  not  perceptibly  dissolve 

tone,  but  readily  evolves  hydrogen  when  sodium  is  added, 

>  Jitiirein,  Ann,  Chem.  Pharm,  crcv,  255. 

>  Friedel  and  Bilra,  Jahreab.  1S73,  SS9. 

•  Pawlow,  Annn  Chern^  Fh&rm^.  cxcvi.  124. 

•  Ahh,  CA^m.  Phnrm,  ex.  25 ;  cjtiv.  54* 

•  Ann,  Ckttn,  Pharm,  txu  277.  '  i&.  cxxiv.  S20« 
^  l^iwlow,  Ann,  Chem.  Fharm,  cxctL  ISO. 
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To  this  is  added  three  parts  of  acetone,  aod  one  part-  of  sodium 
is  gradually  introduced  in  large  pieces.  The  product  is  then 
separated  by  distillation  into  iaopropyl  alcohol  and  pinacone,^ 

This  latter  compound  b  contained  in  the  product  as  the  above- 
mentioned  liydrate  which  decomposes  by  repeated  fractional 
distillation  into  water  and  the  glycol,  which  is  a  syrupy 
colourless  liquid  having  at  lo**  a  specific  gravity  of  0*96,  and 
boiling  at  176'— 177°.  It  does  not  solidify  at  0^  but  when 
placed  in  a  dry  atmosphere  it  passes  into  a  snow-white  crystalline 
mass.  This  solid  modification  melts  at  35^ — SS"",  and  boils  at 
171* — 172^  The  distillate  soon  solidifies  again.  It  is  easily 
soluble  in  alcohol  and  ether,  and  crystallizes  from  bcdling 
sulphide  of  carbon  in  small  needles.^  It  dissolves  sparingly 
in  cold  and  more  readily  in  boiling  water,  and  on  coolings 
pinamnc  hydraic^  C^H^^Oj  4*  6H^0,  deposits  in  large  four-sided 
tables  which  melt  at  46'''5,  and  sublime  at  the  ofdinarj 
temperature,  volatilizing  readily  in  a  current  of  steam.  On 
oxidation  with  chromic  acid  solution,  pinacone  first  passes  into 
acetone,  and  it  is  converted  into  pinacoline  (Part  I.,  p.  633)  by 
the  action  of  boiling  dilute  sulphuric  acid. 

Tctra-m4thyl€ihylc7i€  Chl(yndc,{C^^)juC\.CC\{Cn^^h  formed 
by  the  action  of  phosphonis  oxychloride  on  pinacone.  It  forms 
wldte  crysttds  which  melt  at  160°,  A  dichloride  obtained  by 
Schorlemmer  by  acting  on  di-isopropyl  with  chlorine  appears  to 
be  identical  with  this  substance.' 

Tctrmidhyl-ctkyh^iyt  Brmnide,  (CH,)i5CBr.CBr(CHg)2,  is  easily 
formed  by  the  union  of  bromine  with  the  olefine.  It  crystal- 
lizes from  ether  in  large  well-formed  needles  which  melt  with 
decomposition  above  140''  (Pawlow). 


OXYACIDS,  C^H^Oa,  AND  KETONIC  ACIDS,  C^H^^O,. 

639  OxycnproicAM, or Leiiei^ Add,CU^{CIL^)^.CM{OJ£).COM, 
was  first  discovered  by  Strecker  by  the  action  of  nitrous  acid  on 
the  corresponding  amido-acid  or  leucine.*  It  was  afterwards 
investigated  by  Waage  ^  and  Thudichum.'  It  is  easUy  soluble 
in  water,  alcohol,  and  ether,  crystallizes  in  needles  or  prisms, 

1  Friedd  imd  SUta,  JahreMh.  1873,  840. 

*  linnetaftiin^  Ami.  Cliem.  Pharm,  SupijL  ill  374* 

*  Friedel  aud  Silva,  Ber^  Dtatsch,  Chem,  GfJi,  vi.  36. 

^  Ann.  Otcffi,  Pharm,  bcviii.  $5  ;  see  bIho  GSasmAim,  t&.  xcL  1S5. 

*  lb.  cxviii.  295.  "  QuarL  Jmrti,  Chem,  Soc.  xh,  807» 
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melts  at  73*,  and  begins  to  sublime  at  lOO'*.  When  heated  for 
soaie  time  it  is  converted  into  the  anhydride,  a  syrup  insoluble 
in  water. 

Its  salts  as  a  rule  crystallize  well  Ziric  Imcate,  (CQHjjOa)^ 
Za  4- HjO,  forms  colourless  plates,  and  dissolves  at  IG'*  in  300 
parts  of  water;  it  is  rather  more  soluble  in  boiling  water, 
and  still  more  soluble  in  alcohol  Copper  kcumie,  {CQ}i^jO^)fin^ 
is  also  difEndtly  soluble  in  watejr,  and  crystallizes  fruai  alcoliol 
iii  light  blue  plates.  Silver  kticate,  C^jH^jOjAg,  is  deposited 
from  hot  wat^r  in  colourless  crystals. 

Aftiidocxiproic  Acul,  or  Leucine ^  C^IliJ[^H^).CO,M^  was  first 
l^repared  by  Proust,  in  1818,  from  decomposing  cheese,  and 
described  by  bira  as  '*  oxide  cas^eux/'  ^  Two  years  aft^rwartls, 
iraci>nnot,  by  the  action  of  sulphuric  acid  on  muscular  ribre, 
^lue,  and  other  animal  substances,  obt-aiued,  together  with 
IglycocoU  ("  Sucre  de  gelatine  "  or  amidoacetic  acid)  **  une  matiire 
ilaneho  particulitre ,"  which  he  termed  leticim^  from  X€v;^o9, 
irhite,^  Mulder  then  showed,  in  1838,  that  leucine  is  identical 
"with  Proust's  compound »  and  that  it  not  only  is  formed  in  the 
faction  of  casein,  and  by  the  action  of  sulphuric  acid  on 
men,  muscular  tissue,  etc,  but  also  when  these  bodies  are 
Seated  with  caustic  potash.* 

Later  investigations  have  shown  that  all  substances  belonging 
I  to  the  group  of  albuminoids  or  other  nearly-relatt^d  substances 
yield  not  only  the  above  two  amido-acids  but  a  third  to 
which  the  name  of  tyrosine  or  aa/pfienylamidopropionie  acid, 
CflH,(OH)C2H3(NH2)C02H,  is  given;  and  tliat  leucine  fre- 
quently occurs  either  as  a  normal  or  pathological  product  of 
metabolism,^  It  has  been  found  in  the  liver,  spleen,  pancreas, 
lungs,  &c.,  as  well  as  in  the  lower  ftirms  of  animal  life,  such  as 
crayfish,  spiders,  caterpillaxB,  pupse  of  butterflies,  &c.  Accord- 
ing to  Qorup-Besanez  it  also  occurs  in  the  vegetable  king- 
dom, and,  together  with  asparagin  (araidosuccinamic  acid),  in 
the  white  sprouts  of  vetch.  He  showed  also  that  the  substance 
found  by  Reinsch  in  Ch4-7iepodium  album,  is,  in  fact,  leucine.^ 
Schulze  and  Barbieri  found  it,  together  with  tyiosine,  aspartic 
and  glutamic  acids,  in  the  pumpkin,*    These  diflFerent  amido- 

»  Anr».  Ohim.  PhyM.  x.  40. 
«  Attn,  Chim.  Fhu»*  xiii.  110, 
I  JouTfk  PmkL  Chem  xvi.  290. 

srichfl   Mid"   St4fieler,  Jahrt^h,  1856|   702 ;   Gnrop-Besanez,  Ann,  Chsm. 

\.  xcriii.  1  ;  CloetUs  id.  xcix-  28^ ;  Stiideler,  i6.  cxvi.  60. 

•  Btf,  DcuUch,  Chtm,  Qu^  vii.  146,  669 ;  M^e  also  Cossa,  i5,  viiL  1&57. 
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acids  also  occur  in  yeast,  having  tlieir  origin,  as  in  other  osseBf 
in  the  decomposition  of  albiirainoids. 

Preparation.     Clippiogs  of  horn  serve  as  a  convenient  material 
for  tlie  preparation  of  leucine.*     According  to  Scbwanert  one 
kilogram  of  tiiis  is  boiled  with  a  mixture  of  2^  kilos,  of  sulpbum 
acid  and  G^  kilos,  of  water  for  twenty-four  liour8,  the  evaporated 
water  being  from  time  to  time  replaced.     The  hot  liquid  is  then 
neutralized  with  lime,  filtered,  and  evaporated  down  to  6  kiloij  ^J 
the  iime  contained  iu  the  liquid  precipitated  with  oxalic  aci&^| 
and  the  residue  concentrated  in  order  to  allow  the  leucine  and 
tyrosine  to  cr}'stallize  out.  The  latter  substance  is  more  difficultly 
soluble  than  leucine.     It  is^  therefore,  separated  by  recrystalliza- 
tion,  and  the  leucine  purified  by  crystallization  from  alcoholic 
ammonia  (Huppert).     The  yield  is  about  10  per  cent,  of  the 
weight  of  the  horn,     A  larger  yield  may  be  obtained  from  the 
cervical  ligament  of  the  ox*    This  is  boiled  out  with  dilute  acetic 
acid,  ilried  at  lUOVand  then  boiled  for  three  hours  with  a  mixture 
of  two  parts  of  sulphuric  acid  and  three  parts  of  water ;  the  yieh 
amounts  to  from  36  to  45  per  cent,  of  the  drie4  substance.* 

640  Properties,  Leucine  dissolves  in  4S'8  parts  of  water  al^ 
IS"*  (Hiifner),  and  is  more  soluble  in  hot  water,  but  is  only  very 
slightly  soluble  in  alcohol  and  insoluble  in  ether.  It  cxystallize^ 
in  thin  ]>early  nacreous  laminiB  or  scales  which  are  wetted  by 
water  with  difficulty.  If  not  perfectly  pure  it  separates  out  in 
concentric  nodules  which  are  seen  to  consist  of  concentrically 
grouped,  highly-refracting  needles,  having  under  the  microscope 
the  appearance  shown  in  figs,  108  and  109.  When  carefully 
heated  in  a  tube  open  at  both  ends,  it  sublimes  in  light  flocks 
resembUng  zinc  oxide  (lana  philosophica)  obtained  by  burning 
the  metal  in  the  air.  Sublimed  leucine  consists  of  very  thiafl 
scales  massed  together  in  a  roaette-like  form  as  shown  in  fig.  110, 
When  leucine  is  heated  in  a  retort  it  melt^  at  170**  to  form  alight 
brown  sticky  mass  which  decomposes  at  180**,  yielding  chiefly 
pentylamine  and  carbon  dioxide.  If  fused  with  caustic  potash^ 
pentoic  acid,  hydrogen,  ammonia,  and  carbon  dioxide  are  obtained 
(Liebig);  and  when  heated  with  fuming  hydriodic  acid  to  140" 
it  is  converted  into  caproic  acid  and  ammonia.*  A  cliaracteristic 
reaction  for  leucine  is  that  when  heated  with  nitric  acid  on 
platinum  foil  a  colourless  residue  is  left  which  is  coloured  yellow 

'  HinterljergLT,  Ann,  Chem.  Phartn   Ixkl  72, 
'^  Erlcnmey^^r  ami  Schdtrer,  JaJirejtk  1^59,  696» 
•  Hiifaer,  ZeiiKh.  Chem.  1868,  891, 


I 


LEUCINE  COMPOUOT)S. 


263 


^  additioD  of  caustic  soda,  and  on  careful  evaporation  this 
fcrtna  an  oily  drop  which  does  not  wet  the  platinum,^  An 
*p^eous  sohition  of  leucine  is  coloured  deep  red  by  ferric 
cWoride.  Like  glycocoll  it  forms  easily  soluble  salt«  with 
aciJs,  and  combines  with  the  nitrates  of  silver,  Cfdcium, 
magnesium^  &c. 


ncu  108. 


yiG.  109. 


Fio.  no. 


I  Amongst  its  metallic  compounds  the  copper  salt  is  the  most 
characteristic. 

Copper  Amidocaproaif,  [CgHiofNH.JCOjjl^Cii,  is  obtained  by 
dissolving  copper  hydroxide  in  a  boiling  solution  of  leucine.  It 
fomis  light  blue  scales  dissolving  in  304-5  parts  of  cold  and  1460 
parts  of  boiling  water.® 

1  Schercr,  Jfjhrrsk  1857,  541. 

*  Hofmeiater,  Lkbitjn  Ann.  cbtxxix.  16. 
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641  According  to  Hufaer  leucine  can  be  obtaiDed  from  norma 
caproic  acid,  by  converting  into  the  monobromiuated  acid,  and- 
heating  this  with  ammonia.  On  careful  comparison  no  differeDce  ^^ 
could  be  observed  between  tliis  artificial  and  the  natural  leucine^  ^^"^ 

Nevertheless,  they  do  not  appear  to  be  identical,  for  when  mono- 

bromcaproic  acid  is  heated  with  a  solution  of  carbonate  of  soda  . 
it  yields  an  oxymjyroic  add  different  from  leucic  ari<l.      Thi$^ 
oxycaproic  acid  forms  a  stellated  or  nodular  crystalline  mass, 
and  melts  at  60'' — 62".     Chromic  acid  solution  oxidizes  it  to 
pentoic    acid.      Zinc   (xvymproate^    (C,jHjj03)2Zn  4  SH^O,    is 
flocculent  precipitate  which    dissolves    at    IG"*  in  681    partB 
of  water,  and   crystallizes   from    alcohol  in  fine  silky  neeflles. 
The   other  salts   of  this  acid   differ  from   the  corres]K>uding" 
leucates.^     The  cause  of  the  isomerism  of  these  two  iicids  has 
yet  to  be  explained. 

Lcucinijnide,  C^HgCH.CO.     This  body  occurs,  together  with 

NH 
leucine    and  the  above-named    amido-acids  as  a  product  of 
decomposition  of  the  albuminoids,*     It  was  first  observed  by — 
Bopp.*  who,  however,  did  not  investigate  it  further.     It  crystal- 
lines in  microscopic  rhombic  needles  difficultly  soluble  in  boiling 
and  insoluble  in  cold  water,  but  soluble  in  cold  alcohol     Oe 
heating  it  melts,  and  sublimes  in  light  fioccul^B  and  it  is  un- 
altered by  acids  or  alkalis.^ 

Oxylsocaprotc  Add,  (CH3)2CH,CH2CH(OH).COjH.    The  uitriL— 
of  this  acid  is  formed  by  the  combination  of  hydrocyanic  acid 
and  valeraldehyde,  and  is  a  light,  oily,  peculiarly-smelling  Uquid, 
which   when   heated  again  decomposes  into   its   constituent 
Fuming  hydrochloric  acid  decomposes  it  into    sal-ammoni 
and   the   oxyacid,   which   forms  crystalline   scales,  melting   at 
54** — 55**,  and  on  oxidation  yielding  valeraldehyde  and  valeric 
acid*'^ 

Amido-isocajyroic  Add,  or  Isolendne,  (CH3)2CH.CHj.CH(NHJ 
COglL  This  body  was  obtained  by  limpricht  by  acting 
with   hydrocyanic    and    hydrochloric    acids  on  valeraldehyde- 


*  Joum,  Frakt.  Chtm.  [2]»  i.  6, 

*  Jeliiuifow  and  BeilBteiti,  Org,  Chtm*  485. 

*  H«sse  and  LiraprU-ht,  Jnn,  Chcvi.  Ph^tmu  cx\'i  201 J  Erlenmeyer,  <ft.  cxix. 
17  ;  Hlasiwetz  and  HabermiLttn,  ib,  c]ix.  3:^8, 

*  Ik  Jxix.  20. 

*  Thudichum,  Jowm.  Chem,  Soe,  [%  viii  iOi), 

'  Erltinmeyer  and  Sigiil,  Btr*  BetiUtcA,  VA^m^  (hi,  m>  1109  ;  I^y,  %h,  s.  SSL 
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loma,*     In   order  to   prepare   it,  two   parts   of  tb©  latter 

[©ompound,   which   nmst   be   pure,   and  one  part   of   aqueous 

hydrocyanic  acid  are  allowed  to  stand  overnight,  and  then  an 

eicess  of   hydrochloric  acid  added,  and  the  whole   boiled  for 

some  time.-  Isoleucine  closely  resembles  leucine,  the  compounds 

of  those  two  bodies  being  bo  similar  that  the  former  substance 

[^as  fur  a  long  time  considered  to  be  leucine.  It  is  distinguished, 

iiowever,  from  the  latter  body,  inasmuch  as  at  12"*  it  requires  for 

'^^lution  117'5  parts  of  water 

hokucininiide  (CH^jgCH.CH^CH.CO,  is   formed,  when  the 

NH 

oing  compound  is  heated  in  a  current  of  hydrochloric  acid 
I  220"" — 230''.^     It  cryi^tfiUizes  from  hot  alcohol  in  fine  needles 
i^iiich,  when  heated,  sublime  in  fiucks  without  melting.     It  is 
ely  soluble,  even  on  boiling,  in  water,  ammonia,  caustic 
)»^isb,  or  dilute  acids, 

642  DuthyU<>xijac€tk  Acid,  {G^K^)jC{OB),CO^}i.  This  acid, 
^hich  wius  formerly  believed  to  be  leucic  acid,  and  is  usually 
fiialled  dUthyl-ojcnlic  acid,  was  discovered  by  Frankland  *  and 
investigated  by  himself  and  Duppa.^  Its  ethyl  salt  is  formed 
ty  the  action  of  zinc-ethyl  on  ethyl  oxalate.     Instead  of  zinc* 

i ethyl,  ethyl   iixlide   and   zinc  may  also  be   used*      The  metal 
khauUi  in  this  case  be  slightly  amalgamated  by  dipping  it  for 
R  short  time  in  a  weak  sokition  of  corrosive  sublimate.^     All  tlie 
materials  used  must,  of  course,  be  anhydrous.     To  101  gi*ams  of 
ethyl  oxalate  409  grams  of  ethyl  iodide  are  taken  together  with 
an  excess  of  zinc,  and  to  tliia  about  5  grams  of  zinc-ethyl  and 
10  grama  of   ether  are  added,  by  which  means  the  action  is 
acx^elerated,  and  a  better  yield  is  obtiiined.     The  action  is  not 
assisted  when  a  larger  quantity  of  zioc-ethyl  is  iised*^     The 
^^aaixture  is  heated  in  the  water-bath  to  60" — TO"*,  until  after  a 
^Blapse  of  12-15  hours  a  yellowish  thick  semi-crystalline  mass  is 
^^  formed.     The  foMowiug  represents  the  reaction :  ^ 


$ 


I  +  2Zn: 

C0.0C,H6 


\ 


C.H,  C2H5 
=       C-0— ZnaH,  +  Zq( 


CjHj 


I 


\ 


CO.OC,H,. 


OC,H, 


^  Jnn,  Ch^m.  Pharm.  xeiv.  ^\Z.  '  Hiifner,  Joum.  PrakL  Chem.  [2],  i.  6, 

*  Kohler,  Ann.  Chrm.  Pharm.  cxxxiv.  3ft7. 

*  Proc  Roi/,  Hoc,  xii  31*6,  *  lb,  xiv.  17  ;  Chem,  Soc,  Joum.  [21,  iM,  133, 

*  Fit  tig,  Ann,  Ch4m,  Plmrm.  co.  21. 

^  Cbapuittii  End  Smitli,  Joum,  Chcm,  Soc.  [21,  v.  173. 
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If  water  be  added  to  the  product  of  ibis  reaction,  etlmae  is- 
evolved,  and  the  ethereal  salt  of  diethyl  oxalic  acid  separates 
out; 


C^j^CH, 


CjHg  CjHj 


C— O— ZnC^s  +  2HjO  =  O.OH 


CO.OCjHs 


L 


+  C.,H«  -i-  ZiifOH)^ 


OC,H,. 


The  ethereal  salt  is  distilled  oflf  in  a  current  of  steam  and  ptirifiet 
by  fractional  distillation*  In  order  to  obtain  the  free  sund  the  sal 
is  heated  with  baiyta  solution,  and  the  baryta-salt  precipitat* 
with  dilute  sulphuric  add-     The  free  acid  is  also  obtainetl  b; 
heating  the  ethereal  salt  with  hydrochloric  acid  to  llU'',    This 
solves  in  2*85  parts  of  water  at  17°'5,^  and  forms  trielinic  aapoi 
aceoua  crystals  which,  according  to  Duppa  and  Frankland,  me 
at  74"  5,  and  according  to  Haushofer  at  8»/,*  but  begin  to  sublim^ 
at  50**.    Chromic  acid  solution  oxidizes  this  substance  to  diethy 
ketone,  carbon  dioxide,  aud  water  (Chapman  and  Sniitli). 

The  most  chtiracteristic  of  the  salts  is  zim  diethyl-oitifacet 
(C^HjjOjj)jZn,  crystallizing  in  needles  or  scales,  dissolving  at  1 
in  301  parts  of  water,  and  therefore  possessing  the  same  s<N 
bility  at  this  temperature  as  zinc  leucate.     But  whilst  the  lalt  - 
salt  is  more  easily  soluble  in  boiling  water,  the  reverse  is  t] 
case  with  the  salt  just  described. 

643  Ethyl  I)kthyl-oxyac€iate  {C.^^\Q{OB),C0.0C^y     Tt^ 
is  a  colourless  oily  liquid,  boihng  at  175^  having  a  specif 
gravity  at  IS**'?  of  0*0613,  whilst  that  of  its  vapour  is  5'36. 
possesses  a  sharp  taste  find  a  penetrating  ethereal  smell, 
is  formed  by  the  reactions  just  described,  and  also  when  zii 
etliyl   acts   upon    the    chloride    of  ethyl-oxalic   acid   and   t. 
product  is  heated  with  water.^    Frankland  and  Duppa  have  al 
described  tlie  following  ethers ; 

,  B,P.       Sjn  Gr  & 

Methyl  diothyl-oxyacetate,  CaHi^O^.CHj,     1G5^     OIKSCIO     1(> 
Amyl  diethyl-oxyacetate,    C^HiiO^.C^Hij    225'    0,9323     V^ 

Other  bodies  belonging  to  the  group  cf  the  oxycaproic  acids  v* 
be  afterwards  described. 


_is 

3c 

"3t 

It 

-C- 

tte 

!»0 


liU 


*  Getither  and  Wackenroder,  ZeiiMh,  Chcm,  1867,  705. 

»  Hauahof^T,  ZeWtch,  Krtfsl,  i.  619. 

»  lltiury,  Bcr^  Ikut^h,  Chmi.  (?c*.  y.  94P. 
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The  kctonic  acids  obtained  by  this  reaction  are  not  known  in 
he  free  state,  though  their  ethereal  sa!te  have  been  preparetl. 

Ethifl  Propwnpl-pnfianaie,  CHg,CH2.C0,CH2,CH4.CO2C3H5, 
s  formed  by  the  action  of  sodium  on  ethyl  propionate,  the 
product  being  treated  with  acetic  acid.  It  is  a  pleasantly 
imelling  liquid  boiling  at  199^  having  a  specific  gravity  at  0° 
of  0 '9948,  and  not  yielding  any  coloration  of  ferric  chluride,^ 

The  following  com|Kuinds  have  also  been  obtained  by  the 
aceto-acetic  acid  reaction : 


BP. 


8p.  Gr, 

09913 


at 


16^ 


IDS**       0-998       12 


*  Etbyldimethyl-acetacetate, 

CHj.CO.C(CH3)2CO^C2H5       184' 
Methvlethyl-aeetacetate, 

Cli,.CO,CH(aH5)C02.CHjj      189^-7    0'993       14' 
Etbylethyl-acetacetate, 

CH,,GO  CH(CjH,)C0,.C,H5 
^  Amylethyl-acetacetate, 

Caj.CO.CH(C2H,).CO,C5Hii    235'       0937      26° 

The  ethyl  salt  of  ethyl-acetacetic  acid  is  converted  by  the 
action  of  sotlium  amalgam  and  water  into  Ethyl'^-oryhidyric 
CH3.CH(0H).CH(aHJ.C0,H.       This    forms   a    synip, 
on  standing  in  a  vacuum  is  convcited  into  an  anhydrido- 
compouud.^ 


ACIDS  HAVING  THE  FORMULA  C^H^.O,. 


644  Adipio  And,  C^Hg(COjHV 


otit    that  when  oleic   acid,  Cj^Hj^Og, 


Laurent,  in  1837»  pointed 
is  oxidized,  a  series  of 
dibasic  acids  are  formed,  to  which  he  gave  the  names  lipinic  acid, 
C^HgO^;  adipic  acid,  CgH^^jO^;  pimolic  acid,  C^H^fi^\  suberic 
acid,  C,Hj^O^  ;  and  azelaic  acid,  C^H^^f)^.'^  Bromeis  carried 
on  similar  experiments  with  stearic  acid  and  oleic  acid,  and 
ibtained  succinic  acid  in  addition    to    the  above.®     Further 


^  Bel  Ion  and  Oppftihdin,  J?#r.  Deutseh.  Chmn,  tks.  x,  69S. 

iFtatikkmiaiuf  rnii*pti,  PhiL  Trans,  1866,  37, 

fBranrleji,  ^rifjuch  Chtm.  ISm,  457, 

Ginther,  JaJirtiMK   18»13,   S24  ;  FmTiklaDd  aiifl  Doppa,  toe.  cU, ;  Wialicenua, 
run,  (^hrni,  Phrirm,  cItxxfl  187  ;  ItUlor,  ib*  cr,  2*^1. 

*  Vonxad,  ib.  cUixvi.  228,  •  VVaidschmidt,  ik  clxxxviii.  240. 

'  Attn,  Chim,  Phif9,  Ixvi.  154.  •  Ann,  Ckcm,  Pharm.  xxxv.  89. 
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research  showed  that  spermaceti,^  tallow,*  and  wax,*  yield 
chiefly  adipic  acid,  and  lastly  Wurtz,  by  oxidizing  the  solid  fatty 
acids  of  cocoa-nut  oil  obtained  not  only  the  products  observed 
by  Laurent  and  Bromeis,  but  also  oxalic  acid*  Still  the  exiat^ 
ence  of  several  of  these  acids  remained  duubtful  until  the 
investigations  of  Arppe*  Tliis  chemist  discovered  mothoils  by 
wliich  these  acids  can  be  completely  separated  one  from  the 
otlier,  as  was  not  formerly  the  case.  Arppe  showed  that 
Hpinic  and  pimelic  acid  do  not  occur  in  the  products  of  the 
oxidation  of  fats,  but  that  the  substances  supposed  to  be 
these  acids  are  really  mixtures.  He  proved,  moreover,  that 
the  pure  acids  all  crystallize  perfectly  well,  these  having 
previously  only  been  obtained  in  crystalline  crusts  or  warty 
concretions.*  According  to  the  former  methods  for  preparing 
adipic  acid,  the  higher  homologues  which  are  more  diHicuitly 
soluble  in  water  are  separated  by  crystallization,  and  the 
a^lipic  acid  obtained  by  concentrating  the  mother- liquor,  and 
flirt  iter  purifying  by  recrystalUzation.  According  to  Aqjpe 
adipic  acid  is  formed,  together  with  suberic  acid  and  azelaic 
acid»  from  sebacic  acid  C\oHjgO^  which  itself  is  first  produced 
bj  the  oxidation  of  the  fatty  acids  as  well  as  by  other  reactions. 
This  body  serves,  therefore,  as  the  best  means  of  obtaining 
adipic  acid,  succinic  acid  being  the  only  other  body  which  is 
formed  at  the  same  time.  For  this  preparation,  sebacic  acid  Is 
boiled  with  nitric  acid  until  it  has  been  converted  into  a  mix* 
ture  of  the  two  acids,  which  are  soluble  in  water.  The  nitric 
acid  is  then  evaporated  off  and  the  adipic  acid  crystallized  out 
from  water.  It  is  then  fused,  the  solidified  mass  |)owdered 
and  treated  with  ether  which  dissolves  the  acid,  whilst  a  little 
succinic  acid  remains  behind. 

Adipic  acid  was  prepared  synthetically  by  Wislicenus  by  treat- 
ing fl-iodopropionic  acid,  CHgl.CH^.CO^H,  with  finely  divided 
silver.  This  shows  that  it  is  the  normal  comjiound.*  It 
dissolves  in  about  18  parts  of  cold  water,  and  much  more  reailily 
in  hot  water,  alcohol,  and  ether,  and  crystallizes  in  lamim©  <*r 
Hattened  needles,  melting  at  148^ — 149^ 

The  salts  of  adipic  acid  have  been  investigated  by  Arppe.     Of 


*  SilUm,  Jmm.  xliit  801 ;  Smith,  i6.  iliL  252. 
^  Miila^ati,  Ann,  Chim.  Phytt.  [8],  xvi,  84. 

*  nt^rhnrflt.  KriK  SeitiU^i^^,  S(j2. 

*  Jrthrt^K  T8«4.  8i7. 

^  Ann,  Chem.  Vharm,  cxHx.  %V. 
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these  ammonitim  adipaie  is  the  most  characteristic,  depositing 
in  monoclinic  crystals  resembling  those  of  aiigite. 

£ikyl  Adipaie,  Cfi^{C0^S^^ii^)2i  was  first  observed  by  Malagiiti 
in  the  products  of  the  action  of  hydroehluric  acid  on  an  alculu>Uc 
solution  of  impure  ailipic  acid*  It  is  described  as  an  oily  liquid 
having  a  strong  sme!!  of  apples.  According  to  ArjDpe  it  Ix^ils 
without  decomposition  at  245^. 

645  SubdUfdion-produds  of  Adipic  Acid,  Mono-  and  dibrom- 
adi  jjic  acids  are  obtained  by  the  action  of  bromine.  The  first  when 
heo^ted  with  alkalis  yields  adipomalic  acid,  C^H^(^0H)(C02H)j. 
forxmng  a  sjnip  wliich  gradually  crystallizes.  Its  lead  salt  is  a 
pr<^cnpitate  wliich,  like  the  corresponding  nialate,  melts  under 
boiXing  water.  The  dibromadipic  acid  yields,  on  heating  with 
w«.t:^r  to  150^  adipotartaric  acid,  CVHjj(0H)^,(C02H)g 
crystallizing  from  bailing  water  in  nionocliuic  Uibles,  and  forming 
a.     difficultly  soluble  acid  potassium  salt.* 

The    foUowing    acids  isomeric  with  adipic  acid  have   been 
ol>t:.^ned  from  ethyl  acetacetate  : 


^^hyl  succinic  acid, 


C2H,.CH.C0,H 


CH2.CO3H 


Fine  prisms. 


(CH3)^C.C0^H 

DimethyUsuccinic  acid,  | 

CH^COgH 


l-Dimethyl-succinic  acid, 


CH3.CH.C0^ 


CH3.CKCO4H 


Needles. 


Crystils. 


Sletbyl-glutaric  acid, 


CH3.CHC0,H 
CH^CHj^COja 


Crystals. 


)9-methyl -succinic  acid  is  also  formed  when  a-brompropionic 
:id  is  heated  with  finely  divided  silver.*' 


'  Cftl  and  Gay-Lossac  Compt,  Rtnd.  Irx.  1175. 
'  Ilnggetibcrg,  Aj\ti.  Chan,  Phtrrfi.  *^.\dl  148. 

*  Tate,  Jnattguml  IHt.  WuneborKi  1S80. 

*  Hardtroutb,  Ann,  Ch-m,  Pharm,  cxciL  US. 
»  WiftUcenua  and  liroprkht,  ih,  cxciL  134. 

*  WLaliceuiiB,  Ber,  IkuUek,  Chcn%,  Ot*,  iL  720, 
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The  following  acids  have  been  obtained  from  ethyl  malonate  -^ — ''  • 


CH3>^   /CO9H 


^  Methyl-ethyl-malonic  acid,  Cv  Prisms.    118*"^  -^^*  -8 


CH3  .CO,H 

•  Isopropyl-malonic  acid,  .CH— CR  Prisms. 


CHj^  ^CO,H 


87- 


8  Propyl-malonic  acid,  C3H7.CH<^qq2|^  '  Tables      96^=*  ^^  «( 

Diinethyl'dioxysuccinic  Acid,  or  jDimethyl-tartaric  Add, 

CH3.C(OH).C02H 

CH3.C(OH).C02H, 

is  formed  together  with  lactic  acid  by  the  action  of  zinc  on  an^c^:^  -^n 
alcoholic  solution  of  pyroracemic  acid.    The  acid  obtained  from^c^^^  ^°^ 

the  insoluble  zinc  salt  remains  as  a  syrup  on  evaporating  it4« i^^^'ts 

solution.    Tlie  characteristic  calcium  salt  is  a  crystalline  almost:^^  ^^sst 
insoluble  precipitate.* 

^  Conrad  and  Bischoff,  AnJi.  Chcm.  Phann.  cciv.  146. 

2  lb.  144.  =»  Tjk  cit, 

*  Bottinger,  Ann.  Chcm.  Phann.  clxxiviii,  816. 
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"646  Normal  Hqitylme,  C^Hj^,  can  exist  in  three  isomeric  forms. 
Of  these  Limprieht  bas  obtained  pentyl-^thylent,  CgHi^.CH^CHg, 
Sfrom  a'naiithiil  by  treating  it  with  phosphorus  pentachloride  and 
«<ieconiposing  \rith  scuHum  the  oenantbidene  dichloride,  C^Hj^CL^, 
thus  ubtiiinetl,  which  is  a  liquid  boUing  at  191^ 

Pentyl  ethylene  is  a  liquid  possessing  an  alliaceous  smell  and 
boiling  at  95°*  Tlie  heptylene  obtained  from  Pimis  sahiniana  is 
ft  similar  liquid  boihng  at  98".  On  oxidation  it  is  split  up  into 
acetic  and  pentoic  acids,  and  it  is  consequently  mdhyUhUyJ- 
^hylene,  CH.,.CH-^CH,CJl9  (Schurlemmer  and  Thorpe). 

hoheptyhne,  (CH.)2C5H^.  If  the  mixture  of  primary  and 
secondary  heptyl  cliloride  obtained  by  the  action  of  chlorine  on 
isoheptane  be  boiled  with  potassium  acetate  and  glacial  acetic 
acid,  an  heptylene  is  obtained  in  addition  to  the  corresponding 
acetates.  This  boils  at  91**,  and  combines  almost  entirely  with 
liydrochloric  acid  in  the  cold,^  and  is  probably  identical  with  the 
'heptylene  obtained  from  methyl-amyl-carbinol  by  decomposing 
its  iodide  with  alcoholic  potash.'* 
J^'thyl-mdhyl-dhylme,  Q^yi^£:n~CiQ:R^G^^,  is  a  Hiiuid 
ig  between  90**  and  95°,  obtained  from  methyl-ethyl-propyl- 
carbinol,  whilst  methyl-ethyl -isopropyl-carbinol  yields  dhyl- 
trimdfiyUthyinie  (CHg)2.C  ~  CiCHj)^^!!^,  a  body  boiling 'at 
between  75"  and  80**.* 

Dim^ihyl'iwpTopyl'etJiylcne,  {pW.^S^,zzCJi.C^{Q^^^,  was  ob- 
tained first  by  ilarkownikow  by  heating  oxyi8t>caproic  acid, 
(CjH7)j(COH)C02H,  with  water  and  a  little  sulphuric  acid  to 
180\*  Pawlnw  obtained  it  from  dimethyl-isobutyl-carbinoL^ 
It  boils  at  83" — S^"",  has  a  specific  gra\4ty  at  0°  of  07144,  and 


•  Grimfihnw,  Oian,  Soc,  Joum,  [2],  xi,  809  ;  Schorlemmcr,  th,  S23. 
=  Bolin,  cxc,  314. 
■  Pttwlow,  S^.  IkutMh.  Chem,  Oejt,  ii. 

•  jr<f.V.tfM.  tV/wi.  1870,  518  ;  1S71.  268. 

•  Anti,  C/u^a^  Fharm.  qXmjlyu,  11*4, 
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combines  readily  with  hydriodlc  acid  to  form  the  iodide  of  lie 
tertiary  alcohol. 

Trimethylcarbyl-victhyUthylcnc,  (CH3)C3.C(CH3)  "CH^,  wj 
obtained  by  Butlerow  by  heating  pentamethyl-ethyl  iodide  with 
alcoholic  potash.  It  boils  at  75^ — HO",  smells  like  camphor  and 
oil  of  turpentine,  and  combines  reatlily  again  with  hydriodic  add 
to  form  the  tertiary  iodide.  When  left  in  contact  with  water  ta 
which  a  small  quantity  of  alcohol  and  nitric  acid  has  been  added, 
it  forms  pentamethyl-ethol  (Part  I.,  p.  645).^ 


OXYACIDS  HAVING  THE  FORMULA  C^H^^O^. 

«Oxycenanthylicacid,  C5H^^.CH(OH)C02H  Prisms,    Go' 

»  AmyUhydroxalicacid,  (CH3)^C3H5,CH(OH)C02H  Scales.  60" 
*  Methyl-ethyl-oxybutyric  acid, 

/CH 
CH„.CHCOH)C— CO,H  Syrup.      - 

^  Methyl-propyl-ethylene-Iactic  acid, 

g^^)C(0H).CH2.C0,H    Syrup.      - 

^  Diethyl-ethylene-lactic  acid, 


(C2H^2<^(OH)CH,,COjH    Needles.    71-73^     -^ 


B.P- 


KETONIC  ACID,  C,H,,0,. 

7  Ethyl  methyl-ethyl-acetacetate.  CHg.CO.C-'CO^.C^Hg 

8  Ethyl  isopropyl.acetecetate,CH3CO.CH/^Q(^^^4 

647  The  first  of  these  compounds  yields  a  violet  colour  wi 
ferric  chloride,  and  on  heating  with  sodium  ethylatc  free  froD 
alcohol,  ft>rms  together   with  ethyl  acetate  the  ethyl   salt   of 
methyl-ethyl-acetic  acid.    The  second  salt  yields  a  pale  reddish^ 
violet  colour  with  ferric  chloride.* 

1  Butlerow,  Bet.  De%U$ch.  Ckcm,  Oa,  viiL  1(MJ. 

*  Helms,  ib.  viiL  lieS  ;  Ley,  ib.  x.  *2U, 

■  FraoklAnd  and  Du[>|»a*  Froc,  iioy.  *Soiu  xiv.  191. 

*  Sftur.  Anfk.  Chrm,  Pfmnn.  v\xxx\\iL  257. 

*  Ztfintianicin,  Bcr,  Zkutuch.  Ofuim.  Qtj*.  x\L  2375*  •  Bchiroltow*  t^, 

'  8;mr,  lot.  eit.  *  Fmnklaud  nmi  Duj»|ift,  Joutn^  Cfwm,  Jl^uc.  [iJj,  v,  lOSt 

*  Demarcay,  Bull.  Soc.  CkwL  xxvii.  224. 
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DIBASIC  ACIDS,  C^H^.O,. 

648  Pimclic  Acid,  Cfi^f^(CO^)^.     It  has  already  been  stated 
at  Laurent  believeil  that  he  found  an  aoid  of  this  composition 
:    the   oxidation   pri^ducts  of    oleic  acid,   whilst    other 
ki  -   obtained   the   same   acid  by  the  oxidation  of  other 

itty  acids  or  fats,  and  also  that  Arjtpe  showed  that  the  substance 
lius  obtained  is  a  mixture  of  adipic  and  suberic  acids.  An  acid 
laving  the  above  composition  is,  however,  obtained  hy  fusing 
sampboric  acid,  C^H^J^COJA)^,  with  caustic  potash,  and  the 
lame  of  pimelic  acid,  which  was  suggested  by  Laurent,  has  l)cen 
Itetained  for  this  body,^  It  forms  crystalline  crusts  01*  triclinic 
Siystala  which  melt  at  114^  and  are  very  soluble  in  water, 
llcobol,  and  ether.  The  calcium  salt  is  a  characteristic  one.  It 
I  difficultly  soluble  in  cold,  and  even  less  soluble  in  boiling  water, 
Wt^  benee,  on  wanning  the  cold  saturated  solution,  the  salt 
B^cipitates  as  a  crj^^stalline  powder.  Od  distillation,  the  acid 
lecoraposes  into  water  and  the  anhydride  C^Hj^jOg,  a  thick  oily 
iquid  which  boils  at  245*-250°.  Pimelic  acid  is  probably 
'6apr(q>ylmccinic  acid  (CH,)2.CH.CH(CO,H).CH,.C02H.2 
f  a-Pimdic  Add  is  formed  by  the  oxidation  of  suberone, 
JyH^jO,  with  nitric  acid*  as  well  as  by  beating  furonic  acid, 
3LH^0^  %\ith  hydriodic  acid  and  amorplious  phosphorus.^  It 
Rrystallizes  from  hot  water  in  large  thin  rhombic  tubles,  and 
torn  benzene  in  fine  long  needles,  which  melt  at  100**  and 
'olatilizQ  without  decomposition.  Its  calcium  salt  is  also  less 
loluble  in  hot  than  in  cold  water,  and  sepfu^ates  on  heating  the 
^hl  saturated  solution  as  a  granular  crystalline  precipitate. 

Isapimtlic  Acid  was  obtained  from  common  amylene^  which 
B  has  been  stated  is  a  mixture  of  isomeric  oletines,  by  com- 
ining  it  with  brctmine  and  heating  the  product  with  potassium 
^anide  and  alcohol  It  is  easily  soluble  in  water,  alcohol,  and 
^ther,  crystallizes  in  rhombic  needles  concentrically  grouped, 
tod  melts  at  104"*.  The  difficultly  soluble  calciimi  salt  is  also 
characteristic,  as  its  solubility  increa.ses  tu  begin  with,  on  rise 
i  temperature,  and  then  gradutdly  diminishes.^ 

*  Hliifliwetz  and  Grabowsky,  Ann,  Chan.  Fharm.  cxiv.  l!07  ;  Kachler,  ib, 
bdx.  Ids, 

*  WjiltJE,  Ann.  Chan.  Pharm.  cexiv.  58, 

*  r)*1f  md  Schorlunimer,  Ch^tt,  Soe,  Tratm.  1879,  <533. 

*  Kuyrr,  Brr^  Ikut^h,  C^m.  Ors.  x.  1358, 

*  Ikiuer  and  ScUulcr,  /T'lfw.  Aknd.  Bct.  lixvii  2S9. 
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DkihyUmalmic  Add,  {C^U^fi{CO^\.  The  etiiyl  salt  of 
this  acid  is  fonuecl  when  one  molecule  of  ethyl  nialonaltr  is  treated 
with  an  alcoholic  solution  of  two  molecules  of  sodium  malouate 
and  two  molecules  of  ethyl  io<1ide.  It  is  an  oily  liquid  having  % 
faint  but  pleasant  smell,  and  boiling  at  223".  The  acid  obtained 
from  this  is  easily  soluble  in  water,  alcohol,  and  ether,  and  crystal- 
lizes in  prisms  which  melt  at  121\  When  it  is  neutraJized  with 
ammonia  and  calcium  chloride  added,  a  crystalline  precipitate  is 
formed  only  when  the  solution  is  very  concentrated,  the  separi- 
tion  of  which  is  accelerated  by  warmthA 

Isohitiyl-malonic  Acul,  {Ql^^)f^^^£^{CO^^.  By  the  action 
of  isobutyl  iodide  on  ethyl  sod-malonate,  ethyl  isobutyl* 
malonate  is  obtained.  This  liquid  boils  at  225^  The  add 
prepareil  from  this  is  crj^slalline,  eii^ily  soluble  in  water,  alcohol, 
and  ether,  and  melts  at  107^  The  solution  neutralized  with 
ammonia  yields  a  crystalline  precipitate  with  calcium  chlnride* 

By  the  action  uf  chlorine  on  the  ethyl  sidt  a  monochlorinated 
ethereal  salt,  (CH3)2C2Vl3.CCl(C02.C2Hjj)2,  is  obtained,  boiling  be- 
tween 245"  and  247''.  When  treated  with  alcoholic  caustic  pitash 
isi^mti/Iortjmalonic  ami,  or  isol/iityl-tartronu^  acid,  (CH^l^C^H^ 
C(OH)(C02H)2,  is  obtained,  a  crystalline  body  which  is 
highly  hygroscopic  and  deliquescent,  and  melts  at  110* — 114!. 
Wlien  heated  to  180''  it  decomposes  into  carbon  dioxide  and 
oxyigocaproic  acid.^ 

Isopropylmicdnic  acid,  COJB^CU[(Cn^\CK\CB^CO^,  is 
prepared  by  the  acetacetic  reaction  ;  it  is  readily  soluble  ia 
w^ater,  crj^stjiJlizes  well,  and  melts  at  114^.^ 

*  Conrad,  Ann.  Chem.  Pharfn.  ccir*  1S8. 

*  Guthzeit^  Ann,  Ch/m,  rjutnn,  ccix,  23'2, 

*  Hoser,  ^rr.  UeiUsc/i,  Chan,  G<s.  xv.  2i>5, 
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THE  OCTYLENE  COilPOUXDS. 


649  NoTTuml  Octyhne  or  Caprylme^C^iQ,  isfonned  by  tho  dis- 
tiUation  of  secondary  octyl  alcohol  with  anhydrous  zinc  chloride. 
It  1!^  a  colourless  rather  etrongly-smelling  liquid,  boiling  at 
125^  and  having  at  17*  a  specific  gravity  of  0^723.*  Moslinger'' 
obtained  an  octylene  boiling  at  122**-! 23",  and  having  a  specific 
gravity  at  17"*  of  07127  by  heating  primary  octyl  alcohol  with 
jixlino  and  amorphous  phosphorus,*  This  evidently  is  htjtyl^ 
tthylcrtt\  CoH^3  CH  ~  CHg-  and  iB  probably  identical  with  that 
obtained  from  secondary  octyl  alcohol  or  its  iodide,  which,  how- 
ever, may  also  be  methyl-pentyl-ethylene,  C^Hj^.CH  nCH/CHg, 
OciyhuG  Qbfml^  CgHjg{OH)g,  is  obtained  iVom  octylene 
bromide,  a  huavy  liquitl,  decomposing  on  distillation,  and 
being  converted  by  the  action  of  silver  acetat^3  and  glacial  acetic 
acid  into  odi/laie  diaceiate^  a  litpiid  boiling  at  245" — 250",  By 
lie^ting  with  caustic  potfish  tho  glycol  is  obtained  as  an  oily 
Jiqiiid  baling  a  burning  t-aste,  boiling  at  235" — 240^  and  having 
at  0"*  a  specific  gravity  of  0'932.» 

When  this  compound  is  treated  with  hydrochloric  acid,  or  when 
octylene  is  brought  in  contact  with  dihite  hypochlurous  acid, 
acifflcn^  cMorhydraic,  C^H^^jCl(OH),  is  formed.  This  is  a  mobile 
liquid  having  a  camphor-like  smell  and  a  burning  taste.  It  is 
JCiot  volatile  without  decomposition,  is  insoluble  in  water,  and 
^t  0^  has  a  specific  gravity  of  1'003. 

Odylme  Oride,  C^Hj^^O,  is  obtained  by  the  action  of  caTistic 
potash  on  the  chlorhydrin.  It  is  a  mobile  liquid  having  a 
^>leasant  aromatic  smell,  boiling  at  145*  and  having  at  Xo"  a 
iBipecific  gravity  of  0*831 } 

Octylmc    CJdoridc,    CJl^fil^,   is    an    oily   liquid,   boiling  au 


'  Bonis,  t%  3rci{,  3«»6.  ^  Attn*  Cfimjn,  Phamt  clxucv.  52. 

'  lie  ClerniOQt,  Jn?!^,  Chcnu  Phnrm,  Snppl.  tiL  25i. 

*  tU  Cl«rnioiil,  Ann.  Chtnu  Phartn.  clvi.  122.  '  DAchpuor,  *&.  en.  271. 
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NiiTo-octyknCi  C^H^j-NOj,  is  foimed  together  with   dinitro-^— 
octylene  by  the  actiun  of  nitric  acid  on  octylene.    It  is  a  yello 
oily  liquiJ,  lighter  than  wat^r,  and  wlien  heated  ti>  the  boilinj 
point  it  has  an  unpleasant, powerful,  pungent  smell.  It  i&  colouri 
red  by  caustic  potash,  and  dissolves  in  the  concentrated  ley. 

JXnitro-ociykne,  C^11^^(^0^)^,  is  obtained  by  the  action  of 
mixture  of  sulphuric  and  nitric  acids  on  the  foregoing  com 
pound  It  is  a  heavy  oily  liquid  dissolving  slightly  in  water, 
imparting  to  it  a  yellow  colour  and  a  very  powerful  pungen 
smelL  ^Hien  heated  the  boiling-point  rises  from  100"  to  200' 
and  if  the  lamp  be  then  removed  the  temperature  rises  to  212' 
with  evolution  of  red  vapours,  wliilst  pure  nitro-ot:tylene  distil 
over,  a  black  residue  soluble  in  potash  remaining  in  the  relortJ 
Hydriodic  acid  decomposes  it  below  100'^  with  formation  o 
octylene  and  ammonia,  and  of  a  heavy  oil  which  is  probabl 
octyl  iodide.^ 

I>i-isolmti/lm€  or  DinuthyUpstudolnUyUeihyhnc^  (CItj)2C~CH 
C(CHg)3.  In  order  to  prepare  this  compound  one  volume 
liquid  isobutylene  is  brought  in  contact  with  two  volumes  of 
mixture  of  equal  weights  of  water  and  sulphuric  acid  in  elose< 
tubes.  After  standing  one  or  two  days  the  olefine  is  dissolved 
and  the  mixture  is  then  heated  for  another  day  to  100^  Th 
following  equation  represents  the  formation  of  this  compound 


CH 
CH 


y 


CH. 


CH, 


./553 


^>C  =  CH,  +  HO.C^CH,  =  J:;{J^\  C=  CH.C-CIij  +  H,0^ 


\CH 


\CH, 


It  is,  therefore,  also  formed  when  one  part  of  trimetliyl-cnrbinoL 
and  two  volumes  of  the  dilute  acid  are  lieated  to  100',*  as  well  a&<- 
when  isobutylene  is  heated  with  tertiary  butyl  iodide  and  lime.* 
Di'isobutylene  is  a  liquid  which  smells  like  petroleum^  boil* 
at  102''*5,  and  at  0"*  has  a  specific  gravity  of  0*734.     It  easily 
combines  with  hydrochloric  and  hydriodic  acids  with  formation 
of  the  haloid  ethereal  salt^  of  isodibutol  (Part  L,  p.  C-75).     It  is 
oxidized  by  chromic  acid  solution  in  the  cold,  with  formation 
of  acetone  and  trimethyl-acetic  acid,  acetic  acid  being  produced 
at  the  same  time,  iis  well  as  the  ketone  (CHj,)^C.CHyCO.CH., 
and  an   octoic   acid,  Cj^Hj^Og.      The   foniiation  of   this    latter 


^  KiMil%  Amu  Chim,  PUvh.  [Z],  xliv.  US. 

.MilU,  JakrtAh,  im\,  517. 
^  liutlL'ttJW,  Ann.  Chctn,  I%trm,  clxxafix.  44, 
*  Jalic  Lermgntotr,  Ann,  Chcm,  Pftarm.  q^cvL  11  C. 
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und  is  explained  by  Butlerow  by  the  assumption  that 
tg  the  oxidation  a  part  of  the  di-isobutylene  combines  with 
r  to  form  di-isobutol,  and  that  tliis  again  decomposes  into 
r  and  an  octylene  having  the  following  constitution  : 


(CH.0,C.CH,C/g5» 


s 
r 

this  re-combines  with  wat^r  a  primary  alcohol  b  formed, 

this  by  oxidation  yields  the  04?toic  acid,  which  is  an  oily 

i  similar  to  trimethyl-acetic  acid,  though  possessing  a  less 

rful  smell  and  decomposing  somewhat  on  distillation, 

when  on  the  other  hand,  di-isobiitylene  is  oxidized   with 

Eium  permanganate,  it  yields,  together  with  tri methyl- 
acid,  the  oxyoctoic  acid  shortly  to  be  described,  and  also 
^nol,  C^H^flO^,  This  crystallizes  in  needles,  melts  at  40°. 5i 
kat  ITS'* — 178^5,  and  has  a  camphor-like  smell.  It  contains 
wdroxyl   group    and    has    the    constitution    (CH3)3C\CO. 

5h)(ch^/ 

^i^ii^^  (CH3),CH.CH=CH.CH(CHJ^    When 

■nixture  of  primary  and  secondary  chlorides,  got  by  acting 
m  di-isobtityl  with  chlorine,  is  heated  with  potassium  acetate 
^cetic  acid,  an  octylene  which  probably  possesses  the  above 
fctution  is  obtained,  together  with  the  corresponding  acetates 
rt  L,  p.  654).  This  boils  at  122^  and  at  16"  has  a  specific 
rity  of  0  7525.^ 
\tHht/l'€i}ij/l-pina4*xme    or    Dkthyl-dimcihyl-dhtjlcne      Glycol^ 

l>)sC(OH).C(OH)<(p^ ,  is  formed,  together  with    methyl- 

jrl-carbinol,  when  mettiyl-ethyl  ketone  is  brought  in  contact 
I  a  concentrated  solution  of  carbonate  of  potash,  and  sodium 
loaUy  added.  It  is  a  white  crystalline  mass  which  melts  at 
and  boils  at  200'' — 205°.  ^Hien  boiled  with  dilute  sulphuric 
it  is  converted  into  the  corresponding  pinacoline  (Part  I., 
63),  and  this  on  oxidation  decomposes  into  acetic  acid  and 
jrMimethyUacetic  acid.  Hence  it  possesses  the  following 
ttitution : 

is  a  liquid  possessing      strong  camphor^like  smell,  and 
Bg  at  145'— 150V 

^  Butlerow.  Bet.  Dnitsck.  Ckem.  Gf^.  xy.  1575. 

»  W\  Curlcton-WUliairia,  Jcwnt.  Chrm.  Sm,  1977.  i,  541. 

»  iMwrmnmiiKh,  Ann.  Chsm,  Fharm,  cluxr.  124, 
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OXYACIDS  n  H,«Q 
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*  Oxycaproic  acid,  QH^^.CH(0H).C02H  Tables. 
Oxyoctoica^id  (CH3),CXJH2.CCOH)CHj,.C02H,  Prisms, 
2  Dipropyl-oxalic  acid.  (C3H7)gC(OH).C03H      Prisms, 

*  Di-isopropyl-oxalic  acid, 

[(CH3),CH],.C(0H).C0,H      Needlcs^llO**-! 

*  Diethyl-oxy butyric  acid, 

CH3.CH{0H).C(CgHJ,.C0,H  Syrup. 


KETONIC  ACIDS,  C^HiP,. 

^'  Ethyl  diethyl-acetacetaie,  CHj.CO.C(CsH6)j.CO^C2H^ 

®  Ethyl  isobutyl-acetacetate, 


CH,.C0.CH<;g^^^^'2<^^^)t     2ir-2 


DIBASIC  ACIDS,  C^U^fi^, 

650  Suberic  Acid,  Cf^^^^(CO^M)^,     This  acid  was  first  obtain< 
by  Bnignatelli^  in  17S7,  by  heating  cork  with  nitric  acid.  Aocor- 
ing  to  the  then  prevailing  views,  he  considered  that  this  ac 
exists  akeady  formed  in  cork,  which  he  believed  to  consist  of  tl; 
peculiar  acid  combined  with  phlogiston  and  a  small  quantity  ^'■ 
earth,  these  being  withdrawn  i'roni  the  cork  by  means  of  the  nitr''* 
acid/     Brugnatelli  also/  found  that  paper,  when  treate<l   wi 
nitric  acid,  yields  suberic  acid,^     It  may  also  be  thus  obtained 
from  linen  rags  or  from  lignine*^ 

The  existence  of  this  acid  was  again  verified,  in  1797, 
BuuiUon-Lagrange,  who  found  that  it  could  be  sublimedj^    Manf 

3  Erlemneyer  und  Sigel,  t'6«  dxxviL  103 ;  Ley,  Ber.  Deulsch,  Chem^  Qf^ 
232, 

*  Rftftilaky,  Ber.  D^yuOidh,  C/mjwi.  f7rj».  x\v.  2068. 

*  Mttrkownikow,  Zuimch,  Chrm,  1870,  516  ;  ISTl,  268, 

*  Schuapp,  Ann.  ChfCm.  Phann,  ccL  ^5. 

^  FTtinkiAtid  uud  Dup|>a,  Proc,  lioy.  Soc*  xiv,  45S ;  Wifilicitiiu*,  dnfu  Ckfm, 
Pharm,  olxxxvL  191 ;  Mnttbcy,  Jmrn,  Prakt,  Clum,  [J],  n  10(P. 
^  RoLn,  Jnn,  Chrm.  Pharm,  cjus.  30(J. 

7  CmVn  Ann.  1787,  145.  »  G«hlen«  Ann,  L  aiO. 

^  Berjcelios,  Lchrh.  ili.  Aufl.  8,  47.  ^^  Ami.  ChiffL,  x^L  » 
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other  chemists  occupied  themselves  with  the  examination  of  this 
acid ;  ^  amongst  others,  Laurent  found  that  it  can  he  ohtained  hy 
oxidizing  oleic  acid  with  nitric  acid.  It  is  also  produced  by  the 
action  of  nitric  acid  on  stearic  acid,^  cast*jr  oil,'  Unseed  oil,* 
and  other  fats. 

Suberic  acid  was  first  prepared  in  the  pure  state  by  Arppe, 
who  showed  that  the  compound  dc-scribtd  under  this  name 
always  ccintained  azelaic  acid,  and  that  this  cannot  be  removed 
by  crystallization  from  water  but  easily  by  treatment  with 
ether.*  It  is  to  be  remarked,  however,  that  Laurent  used  ether 
for  the  separation  of  the  two  acids,  and  he  states  that  much  of 
tlie  suberic  acid  dissolves  ;  but,  as  he  probably  did  not  repeat  the 
operation,  he  did  not  obtain  a  pure  suberic  acid.  Spiegel  then 
showe<l  that  on  oxidizing  cork,  oxalic  acid  and  other  acids  are 
fomied  as  well  as  azelaic  iicid.* 

In  order  to  prepare  suberic  acid,  palm  oil  ^  or  castor  oil  may 
be  employed.  In  the  latter  case  the  oil  is  allowed  to  run  into 
boiling  nitric  acid  of  specific  gravity  1*25  until  no  further  red 
Vapours  are  evolved ;  ^  the  mass  is  then  distilled  with  frequent 
addition  of  water  in  order  to  remove  the  oenanthylic  ncid,  and 
the  hot  liquid  then  separated  from  the  nitrated  oil  which  occurs 
with  it  On  cooling,  a  mixture  of  suberic  and  azelaic  acids 
separates  out,  and  this  is  recrystallized  frequently  from  hot 
water  and  then  treated  in  a  Mohr*s  extraction  apparatus  with 
ether  until  the  residue  crystallizes  well  frum  water,  Fiom  100 
of  castor  oil,  4  parts  of  suberic  acid  and  3*3  jmrts  of  azelaic 
are  obtained.** 

When  fats  are  distilled  with  superheated  steam,  paraffins  and 
fatty  acids  are  formed,  and,  together  with  these,  suberic  acid  and 
its  homologue  azelaic  acid,  C^Tl^fi^P 

Suberic  acid  dissolves  at  lo''5  in  700  parts  of  water,  and  is 
much  more  easily  soluble  in  boiling  water,  crystallizing,  on 
c<)oling,  in  needles  often  an  iucli  long  or  in  irregular  tables  which 
tnelt  at  140^     In  presence  of  azelaic  acid  it  separates  in  grains 

H,  Bmndefi,  Ann.  Pkarm.  ix,  295 ;  Chevreul,  Awn,  Chim.  IxiL  828  j  zcrL 

BentMuA,  lot,  tit, 
JroitUTiR,  Ann.  Chcm.  Phartn.  xxxt.  89. 
Pilly,  Chem,  Soc.  Jinn.  i.  1. 
re,  Ann,  Chew.  Pharm.  IL  222* 

•  Ih,  cxx.  288  ;  cxxiv.  89. 

•  '    -   "'        ^"   - -.  Ui. 

^  '  itAi'h^  Chmn,  G^.  xiii.  n6£», 

•  •  ,  ,  exxx.  208  J  Spiegel,  toe,  Cii. 

•  l>i*le,  Jcmrn.  tium,  Soc,  [2],  il  258 

^*®  CaboaxM  aucI  In'innr^ttiy,  Cmnpt.  limd.  xciv.  610, 
182 
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or  warty  concretiona  which,  according  to  the  quantity  of  ad* 
mixture,  melt  at  120"*^ — 130^     When   more  strongly  heated 
evolves  pungent  vapours  and  sublimes  in  needles.     It  Ixdlfi 
about  300"*  without  decomposition.     Heated  with  caustic  ba 
it  decomposes  partly  into  normal  hexane  and  carbon  dioxiil 
whilst  another  part  suffers  further  decomposition.^ 

The  salts  of  suberic  acid  have  been  investigated  by  Arpp 
but  especially  by  Gantter  and  Hell     The  difficultly  s^ilublf 
suberates  of  calcium,  barium,  and  several  other  metals  are  sqji 
what  more  soluble  in  cold  than  in  hot  water. 

Ethyl  Suhcraie,  C^^ui^^O^.C^U^^,  is  obtained  by  he 
suberic  acid  with  alcohol  and  Bulphuric  acid.  It  is  a  pleas 
smelling  liquid  which  boils  at  280^—282°  with  slight  dc 
position  (Gantter  and  Hell)* 

Suheraidehyde,  CgHj^O^,  ia  formed  together  with  suberic  acicj 
and  palmitic  acid,  Cj^H^aO^  when  palmitoleic  acid,  Cj^H^Oj, 
oxidized  with  fuming  nitric  acid.  It  is  a  bright  yellow  oily  liquid 
boiUng  at  202^  and  is  converted  by  brumine  and  water 
suberic  acid,* 

Oxynuhcric  Acids,  When  suberic  acid  is  heated  witli  a  moJ 
cule  of  bromine,  monobromsuberic  acid  is  formed,  and  this  whe 
treated  with  caustic  potash  yields  an  amorphous  auberomal 
acid,  CgHji(0H)(C0^)2,  the  salts  of  which  crystallize  ba^llj 
If  the  double  quantity  of  bromine  be  employed^  dibronisuberid 
acid  is  obtained,  and  this  yields  with  caustic  potash  mherotarktr 
acid,  CgH^Q(OH)2(C0.2H)2,  which  is  also  an  amorphous  substance 

651  Suhcmne,  C^H^fi,     By  distilling  suberic  acid  with  limd 
Boiissingault  obtained  a  liquid  b«:»iling  at  186^  whose  analys 
gave  tho  formula  Cj^Hj^O,  and  its  vapour  a  density  of  4'39S 
He  called  this  substance  suberyl  hydride  as  it  yields  sul 
acid  on  oxidation.*  Tilley  repeated  these  experiments,  and  four 
that  the  crude  product  when  distilled  yielded  a  volatile  liquid 
which  he  considered  to  be  benzene,  whilst  at  176*  BoussingaultTJ 
compound  came  over,  leaving  behind  a  black  tarry  mfiss* 
oxidation  he  obtained  together  with  suberic  acid  a  considerablS 
quantity  of  another  acid  crystallizing  in  needles,  from  which 
concludetl  that  the  so-called  suberyl  hydride,  to  which  he  gav^ 
the  same  formula,  is  not  the  radical  of  suberic  acid.* 

*  Biche,  Ann,  Chem,  Phami,  cxiii.  105  ;  Dale,  loe,  eU, 
'  Schroder,  Ann  Chein,.  Phann.  cxliii.  34. 
»  Oay-LuMiic  and  Gul,  iK  civ.  251. 

*  Ann.  Chnn,  Phann,  xix.  508* 

*  Cksm.  Soc.  Man,  i.  1. 
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Gerhanlt  then  remarked  that  the  formula  C^H^^O  of  suberone 
■,|i  he  called  it,  does  not  show  how  it  is  related  to  suberic  acid, 
vlitlst  the  pmbable  formula  C^H^^O  does  not  explain  the  re- 
formation of  suberic  acid.^  KekuM  then  assumed  that  suberone 
ha£i  the  formula  C^^H^^O^,  and  is  the  ketone  of  suberic  acid, 
standing  to  it  in  the  same  relation  aa  common  acetone  does  to 
acetic  acid.*  The  formatioii  of  two  acids  is  favourable  to  this 
view,  but  on  the  other  hand  the  vapour  density  obtained  by 
Boussingault  does  not  correspond  to  this.  The  correct  foi-niula 
was  determined  by  Dale  and  Schorlemmer,  who  showed  tlmt  on 
oxidation  no  suberic  acid,  but  a-pimelic  acid  is  formed,  and  tliat 
the  Volatile  body  observed  by  Tilley  is  bexane,  whilst  at  the 
same  time  other  higher  boiling  products  than  suberone  are 
obtained.^ 

Suberone   is  a   liquid    possessing  a   peppermint-like  smelly 

boiling  at  179*"— 181°,  ami  having  a  vapnir-density  of  373.* 

It  combines  with  miscent  hydrocyanic  acid  forming  the  cyan- 

hydrine  or  nitril  C7Hi2(OH)CN,  a   colourless   liquid  which  is 

decomposed  by  concentrated  hydrochloric  acid,  witli  separation  of 

sal-ammoniac,  into  (Kf^suheraiiearboxi/Hc  a^yid,  CjHj2(0H).C0jH. 

This  crystallizes  from  water  in  glistening  small  tables  an  inch 

in  length  which  contain  half  a  molecule  of  water  of  crystalliEa- 

KoDp  which  they  lose  at  60\    It  crystallizes  from  hot  benzene  in 

anhydrous  glistening  needles  melting  at  79' — ^80°    It  [Possesses 

at  first  a  sweet  and  then  an  fistringent  ttiste  like  alum.     When 

lieated  with  hydrochloric  acid  it  is  first  converted  into  chior- 

^uberanmrboxi/lic  acul,  C^H^X/hCO^H,  a  thick  liquid  attacking 

^he   skin,  and  being  converted  by  alcoholic  potash  into  mib^ran- 

^Siarbaxylie  arid,  CjHjj.COgH,  a  bc:M:ly  slightly  soluble  in  water, 

^tnil  rr^'stallizmg  from  dilute  alc^jhol  in  glistening  scales  melting 

^t  53' — o4^.     By  the  action  of  sodium  and  water  it  is  converted 

into    stiberttruarbari/llc  acid,  C^HjyCOjH,  a  liquid  haWng  a  fatty 

^^cid  odour,  and  volatilizing  in  a  current  of  steam.  When  oxidized 

"^iriili   nitric  acid,  a  crystalline  dibasic  acid  is    obtained  having 

^^ither  the  formula  CgHjgO^,or  that  of  CgH,^0^.    The  more  com- 

^tilete  investigation  of  this  will  probably  explain  the  constitution 

^->f  suberone.*     There  is,  however,  no  doubt  that  suberune  is  a 

^^r»e«uliar  ketone  in  which  the  carbosyl  is  not  placed  between 

^fc-  wo  monaii  alcohol  radicals,  but  is  combined  to  a  diad  hexylene. 


*  TraUd  Cham.  Org.  ii.  732. 

•  Chrm,  i^oc,  Joum,  [2],  xii.  985. 

*  UhIb  mid  Schorlemmer,  ik  18/9,  L  6S6. 

•  8pu?g«l,  Ann,  Vhtm.  Pkarm,  ccxi.  117 
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It  is  a  singular  fact  that  azelaic  acid  and  sebacic  acid,  the  two 
next  highest  homologues  to  suberic  acid,  do  not  yield  any 
homologues  of  suberone  on  heating  with  lime,  but  give  a  very 
complicated  milcture  of  different  compounds.^  Succinic  acid 
behaves  in  a  similar  way.  The  calcium  salt  of  this  body  when 
submitted  to  dry  distillation  was  formerly  thought  to  yield  a 
succinone  boiling  at  120V  but  recent  investigations  have,  how- 
ever, shown  that  this  is  a  mixture.* 

IsomhcHc  Acid,  When  ethyl  monobrombutyrate  is  heated 
with  finely  divided  silver  a  singularly  smelling  liquid  boiling  at 
24-5° — 247^  is  formed  together  with  other  compounds.  This 
body  has  the  composition  of  ethyl  suberate.  It  is  a  mixture 
of  the  ethereal  salts  of  two  suberic  acids,  of  which  one  is 
difficultly  soluble  in  water  and  crystallizes  in  feathery  grouped 
needles,  melting  at  184 — 185**,  whilst  the  more  easily  soluble 
acid  forms  large  crystals  which  melt  at  127°.* 

Two  isomeric  acids  are  obtained  in  the  same  way  firom  ethyl 
bromisobutyrate,  of  which  the  readily  soluble  one  crystallizes 
similarly  to  succinic  acid  and  melts  at  95°,  whilst  the  difficultly 
soluble  one  does  not  melt  till  146°*5.* 

^  Pale  and  Schorlemmcr,  Joum.  CTiem.  Soc.  1S79,  i.  687. 
'  D'Arcet,  Ann.  Chim  Phys.  [3],  ix.  206. 
'  Funaro,  Ber,  Deutftch.  Chcm.  Gcs.  xiv.  2240. 

*  Hell  and  Muhlhauser,  ib,  xiii.  479. 

*  Hell  and  Wittekind,  i6.  vii.  319 ;  Hell,  ih,  x.  2229. 


^Kpines  containing  more  than  eight 

ATOxMS  OF  CARBON. 

^^^  5  a  Of  these  series  only  a  few  members  are  as  yet  known  ^ 
,^^  ^i  of  these  only  tbi3se  which  have  been  more  exactly  desexibeti 
^_        ^1  be  here  mentioned. 
^B^^  "^iomtyl^tie,  Cj(|Hao,  was  first  obtained  by  Cahoors  by  the  re- 

'  ^^,^^  ^ted  distillation  of  amyl  alcohol  over  phosphorus  pentoxidt*, 
^^k  ^^d  described  as  aviylejie}  Balard  then  obtained  it,  together  with 
^HL^^temon  amylene,  by  heating  amyl  alcohol  with  zinc  chloride 
'  — ^^\d  termed  it  paramylem.^  Bauer  found  that  it  is  also  easily 
^troed,  together  with  higher  polymerides,  when  amylene  obtained 
^oin  fusel  oil  is  heated  with  zinc  chloride  to  100''.*  Acconling 
^^Cfc  Ci«iiours  and  Balard  this  Ixxly  boils  at  ICO",  and  according  to 
.-^atier  at  165°,  but  as  common  amyl  alcohol  and  the  amylene 
|^\>tained  from  this  are  mixtures,  and  as  the  reaction  produced 
I  *^y  zinc  chloride  is  a  very  complicated  one,  tlie  diamylono 
[•'^litiiined  in  this  way  is  also  doubtless  a  mixture.  On  the  otlier 
Ixanti  the  diamylene  obtained  by  the  action  of  sulphuric  acid  on 
t:Titriethyl  ethylene  is  probably  a  simple  product.  This  boils  at 
1  54^^ — loG",  ami  has  a  specitic  gravity  at  0"  of  0*7845.-*  The 
cJiatnylene  obtained  by  the  action  of  sulphuric  acid  on  common 
Amylene  ^  or  on  the  mixtures  of  amyl  ones  produced  by  li  eating 
^inyl  iodide  with  alcohoUc  potash,  is  probably  identical  with  tins** 
In  order  to  prepare  it  one  volume  of  common  amylene  is  shaken 
up  at  0**  with  two  volumes  of  sulphuric  acid  of  specific  gravity 

A  peculiai*  weak  oily  acid  having  the  composition  C^Hj^Oj 

*  Ann,  Ckim,  Phys.  beat.  81,  »  lb.  [31  xii.  S22, 
■  Jahr^.  1861,  660. 

*  WyKiline^radaVy,  Btr,  Daitsch.  Chf.m,  Gu,  viri.  434. 
»  Bnueft  Hdzan^k   Wien,  Akad,  xUv,  (2],  87  ;  Btrthelot,  CompL  Rend.  Ivi, 

I  242, 

*  Ubedew^  Bfr*  D^Uttch,  Chem,  Gen,  tUI.  767  ;  Joum,  littan,  CJum,  Qes,  tu. 

^  Erlrtimcyer*    S^iUch,   Cfum.   1865,   362 ;  Sehmeider,   Ann,   Chan.   Pharm. 
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b  obtained,  together  with  acetic  acid  and  acetone,  by  oxidizing 
diamylene  with  chromic  acid  solution.  To  this  body  Schneider^ 
gave  the  name  of  amethenic  acid,  A  neutral  oil  is  also  formeil 
which  has  the  composition  Cj^Hg^O^  when  amylene  dibromide  i^ 
heated  with  water  and  lead  oxide,*  and  this  by  further  oxidation*^ 
is  decomposed  into  carbon  dioxide,  acetic  acid,  and  amethenic^ 
acid. 

As  the  formation  of  diamylene  from  amylene  corresponds  t*r^ 
that  of  di-isobutylene  from  butylene,  it  probably  i^ossesse^^ 
according  to  Butlerow,  the  following  constitution : 


C\CH,.dH, 
CH3VC  _  c 

Hindccalyknc,  C,^H^2'  ^^  obtained  from  secondary  hendecatjl 
bromide,  and  therefore  is  probably  methyl-octyl -ethylene^  It  is 
a  liquid  boiling  at  192"— 1D3^« 

653  Tri'isohutykm,  C^gH^^,  is  obtained  when  isobutylene  is 
passed  into  a  cold  mixture  of  five  part^  of  sulphuric  acid  and  one 
part  of  water,**  or  when  di-isobutylene  or  isobutylene  is  heated  with 
tertiai^  butyl  iodide  and  lime  to  100°.*  According  to  Dubbin  it 
is  also  formed,  together  with  traces  of  isobutylene  but  no  Ji- 
iaobutylene,  when  the  tertiary  iodide  is  brought  in  contact  with 
zinc  oxide  at  the  ordinary  temperature/  It  is  a  colourless 
liquid  wiiich  IkjiIs  at  177''*5 — ITS'^'j,  and  at  0"*  has  a  sjiecific 
gravity  of  0'774.  When  oxidized  with  chromic  acid  solution 
it  yields  carbtra  dioxide,  acetone,  acetic  acid,  trimetbyUacetic 
acid,  and  methyl-dibutyl-acetic  acid,  C^jH^^Oj,  a  body  crystal- 
lizing from  alcohol  in  glistening  scales,  melting  at  00** — 70*, 
boiling  at  2G6^  and  possessing  but  faintly  acid  properties, 

Tri-isobutylene  has  most  probably  the  following. constitution: 


S5>c=c<^ES^; 


I)i-hf:£ylaw,C^^^,  is  obtained  by  the  actioa  of  sulphuric  acid 
on  a-ethyl-dimethyl-ethylene,  and  boils  at  196''— 100^  The 
isomeric  j8-ethylH]imethyl-ethyiene  yields  a  di-hexylone  boihng 
at  193''— 197V 

*  Eltflkow,  Jmitn.  JliiMa,  Ch*m\,  Gts.  x.  229, 

a  Gittsroke,  Ztihth.  Ch^ai.  1870,  431.  •  Catkrow, /aAfofr.  1870,  ML 

*■  Julie  Lcrmontow,  Jttit^  Chem,  J^harrrL  vxcvL  116* 

*  Joam,  Chtm,  ^*oe,  1680,  L  236.  •  Jawcin,  Luhi^s  Ann,  escv,  261. 


M 


CETYLEim 


sro 


n  ParalSn. 

B.r. 

Lime  Soap.' 
B.K 
153° 

Petroleum. 
B.P. 

170"-172° 

174°'6 

175°-8 

1!>3'-195° 

195°-* 

lOo'-O 

— 

212''-6 

20S°-3-2U'-6 

— 

— 

232°7 

to   this   olefine,  tetrn-amylene,   C^gH^^^,  is  also 


Itx  adiliiioa  to  these  alefines»  others  may  here  be  meotioaeil 
^'liioh  are  obtained  by  the  distillation  of  si^hd  paraffin  (Part  I., 
p.    1  S7),and  by  the  dry  dbtillation  of  the  lirae-.soaps  of  train-oil  ^ 

f^T  occur  in  Burmah  })etruleum.^ 
^^onylene,  CgHj^ 
Decatylene,  C^^jHgo 
^^3endecatyiene,  C^,H^ 
X>odecatylene,  CLjHg^ 
^m     Iridecatylene,  Cj^Hg^ 

^B       ^rianiyhnt,  Cj^Hj^^  is  foiTaed  by  the  action  of  zinc  chloride 

H||f]i.     amyl  alcohol     It  is  a  liquid  smelling  like  turpentine,  and 

boi^ling  at  245^— 248^ 

In  addition 

iK^i^meil,  boiling  between  390'  and  400^     This  body  was  noticed 

I        by  Balanl  and  termed  by  him  metamylene.* 

^H        054  Cefi/lcTU  or  Cdcne,  Cj^Hjj^,  was  obtained  by  Dumas  and 

^f  Peligot  by  heating  cetyl  alcohol  with  phosphorus  pentoxide.  It  is 

I        ^'so  fonned  by  boiling  cetyl  chloride  for  some  time,*  and  is  found 

j       Amongst  the  products  of  tlie  dry  distillation  of  spermaceti*     It 

I       ^  ^  liquid  boiling  at  274",  and  having  a  sjiecific  gravity  at  15^  of 

^fcy'/SflS"^.*     It  combines   easily  with   bromine   to  form   cdylem 

^^^^^^^c^snidc,  CigHgjBr^,  a  heavy  yellow  liquid  which  decomposes 

on  berating.  It  also  unites  with  hyix>chlorou9  acid  to  fonn  cciykne 

^o^^iydHn,  CieH^Cl(OH),  an  oily  liquid  boiling  at  about  300** 

**^^  lieing  converted  by  caustic  potash  into  ceiylcne  oxklc,  Cj^H^jO, 

^  ^^^>dy  crystallizing  in  small  nee<iles  melting  at  30'  and  boiling 

~^^^  about  300^7 

\\  has  already  been  mentioned  that  the  so-called  oil  of  wine 

[v*>i4j|^^   ^Urioli  dulce)   is   a   mixture   of  ethyl   sulphate    with 

*veral  olefines  (Part  I.,  p.  354).    When  shaken  up  with  water  the 

j^^'^lphate  is  dissolved,  and  an  oily  liquid  remains,  which  on  cool- 

'  ^^g  deposits  prisms  of  ethtrol,  a  body  melting  at  110'',  and  boil- 

*lig  at  260^     The  liquid  separated  from  this  is  termed  ethtrin^ 

^^^iid  this  does  not  solidify  above  — 35"  and  b<:)iU  at  280**.®     These 

olefines  are  probably  isomeric  witfi  ceiylene,  as  is  also  that 

riuid  Wtrren,  ZeitseK  Clumi.  1868,  229,  *  Ih,  231. 

>  iittm,  Chim,  Fhys,  (3)  %\l  320.  *  Ttlttschev,  Jahrtah,  1860,  406, 

*  Smitiu  AniL.  Chem,  Phnrm,  rliL  241. 

•  Meodclcjett;  Jahregh.  1860,  7. 
^  C*nxi-V  Ann.  Chrm.  Phann,  cnrL  201. 
'  J3lt!rtiila%  Ann.  Chim.  Phya,  [2],  xxzix.  162. 
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which  is  obtained  together  with  heptane  and  other  products  wlie: 
azelaic  acid  is  distilled  with  baryta.     This  cetylene  crys 
in  needles,  melts  at  ^l'— 42^  and  hnh  at  283°— 285^^ 

H&tpropyltnt,  C^gH^fl,  is  formed  together  with  propylene  ai 
other  polyinerides  by  the  action  of  zinc  and  acetic  acid  01 
propylene  bromide.     It  is  a  liquid  boiling  between  390"*— 400*",- 

655  Cerykne  or  Cerotciie,  Q^H,^,  is  formed  together  with  ceroti^H 
acid,  in  the  distillation  of  Chinese  wax.     It  L^  a  paraffin-lik^™ 
mass,  melting  at  bT — 5%^".     When  it  is  melted  in  a  close*!  tube 
bent  at  right  angles,  and  distilled  six  or  seven  times  backwards 
and  forwards,  it  is  converted  into  a  mixture  of  combustible  ga 
and  of  oily  liquids  boiling  between  75*"  and  26Q^^      In   tlij 
respect  it  resembles  solid  paraffin. 

According  to  Konig  and  Kiesow  a  solid  hydrocarbon  is  fouj 
in  liay,  and  this  which  melts  at  ^fj!" — 66^  is  either  an  define 
or  a  paraffin.* 

Mclmyicfie  or  MekiiCt  CgoHg^,  was  obtmned  by  Ettling  bj 
distilling  beeswax,  and  was  believed  by  him  to  be  a  paraffitul 
Rrodie  then  obtained  it  by  distilling  melissyl  alcohol  and  mjricin^j 
(Part  I,,  p,  682).**  It  forms  colourless  crystals  which  melt  at  62] 
and  are  difficultly  soluble  in  cold,  but  more  readily  soluble 
boiling  alcohol 


C^H^ 


OXYACIDS  CONTAINING  MORE  THAN  EIGHT 

ATOMS  OP  CARBON. 

MP. 

'^  Ethyl-amyl-oxalic  acid,  i^2^*NC(0H)C0sH  Crystalline.     — 

^  ^-Dipropyl-ethylene-lactic  acid» 

(C3H7)2.C(OH).CHj.COJI        Syrup. 
» Diamyl-oxalic  acid,  (C5H,^)2.C(OH)CO.H  Silky  threads.  123 
^^  Oxymyristic  acid,  Ci^H^gOg  Glistening  plates.     57 

*^  Oxymargaric  acid,  C^jH^^Oj  Plates. 

'  Dale  and  ScKorlemmcr,  Ann,  Chefn.  Phatrn,  catxxri  265. 
^  Pninier,  Compt.  Rind,  liivi.  98. 
«  Brodie,  PhiL  Tram.  1848  [1]»  167. 

•  Ber,  IknfjscL  CVuin,  Ors.  vL  600. 

»  Ann.  Vfum,  Phnrm.  ii.  255,  •  FhiL  Ttant.  184J,  t  \ 

7  Frunkliind  and  Duppa,  Phil.  Trang.  Um.  S29. 

•  Schirokow,  JJer,  IkutucK  c7ir»4.  </«.  jdi,  2375. 

•  FrankJoiid  and  Dujipa,  loe.  eit. 
'»  IL  Miiller,  Her,  iJcut^L  Chem.  €k$,  xiv.  2476. 
'1  Eb«rt,  Ber.  Deatsch,  Chem^  Qu,  viii.  776. 
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OxyTnjristic  acid  is  found,  together  with  methyl-ethyl-acetic 
add  in  the  ethereal  oil  of  the  fruit  of  Angdia  archangelica. 


KETONIC  ACIDS. 

Ethyl  heptyl-a^etacetate,  J  Primary »         ^IV-tlZ'' 

C^B.jd.CYL{C^B.^CO^C^^  \  Seeondaiy  «      250''-260" 

*  Ethyl  octyUcetacetate,  C2H,CXCH(C,H,,)C02.C£H,  280'-282^ 

*  Ethyl  di-isobutyl-acetaeetate,C2HaO.C(C^Hj3COjt,CgH^ 

2aO''-253' 
^  Ethyl  diheptyl-acetacetate,C2H30.C(C.HJ2C05,.C^H,3yr-332** 
^  Ethyl  dioctyl-acetacetateA'2H30.GiCgHi7)JC02.C5jH5  340^-342° 


DIBASIC  ACIDS. 

656  Azclaic  Acid,  V.jTl^^(CO^Il)^.  It  has  already  been  stated 
^hat  Laurent  gave  this  name  to  an  acid  which  he  found 
^^mongst  the  products  of  oxidation  of  oleic  acid.  Buckton  then 
^:^bt«lned  anchoic  acM  by  boiling  Chinese  wax  ^^^th  nitric  acid,' 
;j^4n4l  Wirz  obtained  hpargylk  acid  *  from  coconut  oil.  According 
Arppe  these  acids  are  identical,  and  he  retained  for  them 
"^he  original  name,  and  was  the  first  to  prepare  pure  ozelaic  acid. 
*triie  particulars  of  this  have  already  been  given  under  suberic 
id,  fi'ora  which  acid  it  is  separated  by  treatment  with  ether 
^n  which  it  is  easily  S(jluble.  A  mixture  of  the  two  acids  may 
^^ilso  be  dissolved  in  ammonia  and  fractionally  precipitated  ^^ith 
cium  chlorides,  when  the  calcium  salt  of  azelaic  acid  is  first 
*^lirown  down.® 

Azelaie  acid  crystallizes  from  water  in  krge  thin  scales,  melt- 
zing  at  106'' 5,  and  dissolving  in  900  parts  of  cold,  but  in  a  much 
lualler  quantity  of  hot  water.  On  heating,  the  greater  portion 
olatilizea  without  decomjxjsition  and  with  evolution  of  pungent 
"^vapours,  whence  its  name,  from  aj-^fta,  I  strangle  or  suflfocate. 

>  Jonnlitn,  At*^^.  Ht^n.  Phnrm.  ^c.  105. 

'  Veimble,  Btr.  P^uffnth,  Cfitm,  Oct.  xiii.  1651. 

*  Outh^eit,  Amt,  Chem.  Phartn,  cciv.  2. 

*  Mixter,  Ber.  DcitUeK  C?tart,  Oes,  vii.  600» 

*  .roirnliin,  Uk.  ciL  •  Guthzeitt  toe.  eU, 

*  Ann.  Chrm,  Pharm,  civ.  263. 

*  Grotc,  Ann.  Ounn^  Pharm.  cxxx.  208  ;  Spiegel,  ib,  cxcLx*  145  ;  Gantter  and 
JX^^i'll.  Ber.  iJeutsch,  Chcm.  (/c*.  xiv.  5B0, 


2g8  DERIVATIVES  OF  THE  HIGHER  OLEFINEa 

Its  salts  have  been  investigated  by  Arppe  and  by  Gantter 
and  Ht4L 

a-Azelak  Acid  is  formed  by  beating  butyro-ftironic  add, 
CgHjgO^,  with  bydriodic  acid  and  amorphous  phosphorus.  U 
crystallizes  from  clilorofomi   in   small   needles   which   melt  at 

657  SebadcAcid,  C^ViJCO^W)^.  The  fact  that  when  fats  arc 
distilled  an  acid  is  obt^iineJ  was  known  in  the  last  ceuturV-  ^J 
Crell  believed  it  to  be  a  peculiar  acid,  and  termefl  it  fat*acicl«i^ 
aud  made  many  experiments  upon  it  in  1778  and  177D,  bi*^ 
Thiinard  in  1801  showed  that  this  volatile  acid  was  acetic  aci 
as  Gren  h^ul  suggested*  Tliis  same  chemist,  however,  fiirtbe 
showed  that  a  much  less  volatile  acid  was  obtained  by  distil! 
lardr  This  fact  was  confirmed  by  V.  Rose.^  It  is  fprm< 
from  the  oleic  acid  coutiiined  in  fats,*  and  can,  tlierefore,  b^ 
obtained  by  distilling  this  acid  alone,*  Berzelius  coasidereA 
this  acid  to  be  a  benzoic  aeid»  the  properties  of  which  wer^t^^ 
altered  by  admixture.  Its  individuality  was  first  estixhlisheA^ 
by  Dumas  and  Peligot  in  1834.^ 

Sebacic  acid  is  funned  together  with  methyl -hexy I -carbind 
when  castor-oil  soap  is  heated  w4th  caustic  alkali/  and  tlii^^ 
reaction  serves  as  the  best  means  of  its  preparation.  For  tlii^^ 
purpose  ciistor  oil  is  dissolved  in  an  excess  of  the  strongest  sodaa^ 
ley,  allowed  to  stand  for  some  time  at  40",  the  hard  cake  tbe^Kzm 
separated  from  the  aqueous  liquid,  and  the  cake  broken  up  ao-^^ 
dried  quickly,  with  stirring,  in  an  iron  vessel,  and  then  heated  unt-^ 
the  smell  of  capryl  alcohol  becomes  perceptible.  It  is  tb^^ 
poured  at  once  into  cold  water,  and  on  the  addition  of  hydrochlo^^^ 
the  acid  separates  out.®  It  dissolves  in  1000  parts  of  water 
17*,  and  in  fifty  parts  at  lOO"^.  It  is  easily  soluble,  and  foi 
feather-like  crystals  or  thin  plates  which  melt  at  127°. 

The  salts  have  been  investigated  by  Neison. 

By  the  action   of    nitric  acid  on  jalapin   and   some  of  i* 
derivatives,  W,  ilayer  obtained  an  acid  having  the  compositii 
of  sebacic  acid,  w^hicli,  as  it  melted  at  104*,  he  believed  to 
distinct  from  this  substance,  and  termed  it  ipomic  acid.*    A^^ 

1  TfinnieB,  Brr.  Deutsch,  Ohem.  Qts,  lil  1200. 

*  Ann.  Vhim.  xxxix.  193.  *  Kcu,  Jo  urn,  CJum   iii.  170, 

*  Gehlen»  Joum,  Chem,  Fhys.  ii.  275. 

*  RedtenbAch«?T,  Ann.  Chem,  Pharrn.  xxiv.  188. 

*  Ann.  Cfiim,  Phyn.  Ivii.  332.  '  Bfiuii,  ,h,  [3],  Jtliv.  100  ;  xlriil  n 
^  O.  N.  "VV  tt,   Ber,   licyUscK  Chcm.  Ges,  vii.  220  i  am  ulto  Kdton,  /twrw—- ^ 

ahe7n,Soc,  1874,  301. 
^  Ann.  Chcm.  Phtmn,  lixxiii.  145. 
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however,  NeiBon  and  Bayne  found,  this  substance  is  really 
sebacic  acid,  Mayer  not  ha\^ng  properly  purified  his  product.^ 

Hephjl-malonic  Acid,  {C^H^-^CHCCOgH)..  is  obtained  by  the 
action  of  secondary  heptyl  bromide  on  ethyl  sod-malonate.  It 
forms  crystals  which  melt  at  97'— 98V 

Brassylic  Acid,  0^11,^(00211}.,,  is  formed,  together  with 
dioxybehenoleic  acid  and  brassy  lie  anhydride  by  the  action  of 
fuming  nitric  acid  on  behenoleic  acid,  Cj^Hw*^*)  the  chief 
product  being  the  aldehyde,  a  light  oily  liquid  which  is  oxidized 
to  brasgylic  acid  by  means  of  bromine  and  water.  The  acid 
is  scarcely  soluble  in  cold,  and  only  slightly  soluble  in  boiling, 
wat^r.  It  dissolves  readily  in  etlier  and  crystallizes  in  scales 
which  melt  at  108^*5,8 

Roccdlic  Acid,  C^^\^{CO^\V)^,  was  discovered  by  Heeren  in 

the    lichens    Roccella  fuafarmis   and    Ltcanoi'a    tartarea,^   and 

ftirther  examined  by  Liebig,^  Kane,**  and  SchunckJ     Its  exact 

Composition  was  detemiined  by  Hesse,*     In  order  to  prepare  it 

he    lichens   are   treated   with   dilute  ammonia,   the    solution 

reeipitated  by  chloride  of  calcium,  and  the  washed  precipitate 

decomposed  with  hydrochloric  acid.  Roccellic  acid  is  insoluble  in 

iling  wat^r,  but  dissolves  very  easily  in  alcohol  and  ether,  and 

rystallizes  in  silver-white  rectangular  four-sided  tables  which 

elt  at  130'.  and  at  a  higher  temperature  partially  volatilize, 

lOther  part  being  converted  into  the  oily  anhydride. 

Diodyl-m^ilonic    Aeid^    (Cf^H^^)Si{GOJi)^.    is    insoluble    in 
hter,  and  separates  out  from  hot  benzene  in  crystals  which  melt 


75° 


1  Joum,  Chem,  Soe.  1874,  729. 

5  Vennble,  Ben  Ditutm^A.  Chem.  Ots,  iiii.  16 HI, 

•  Haattknecht,  Ann,  Chrm,  Pfutrrn,  cxliii«  45. 

*  Srhuyiaij,  Jount.  Ux.  346. 
^  PhCi.  Trfina.  1840.  29&- 

*  Ann,  Chrm.  Pk^rm,  axxn,  332. 

•  Uonnid««d  Biachoff,  ib,  cciv.  163, 


•  Po{ig.  Ann.  id,  3L 

7  Chcrn,  Soc.  jQurn.  iii  153. 
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658  Uric  Acid,  CJI^Nfi^,  The  attention  of  the  ^chentists, 
and  especially  of  Paracelsus,  was  naturally  directed  to  the  peculiar 
deposits  known  as  urinary  concretions.  In  comparing,  as  was 
his  wont,  the  changes  which  occur  in  the  animal  body  with 
those  "v\hich  take  place  in  ordinary  chemical  reactions,  Para- 
celsus explained  that  the  deposition  of  these  concretions  waa 
similar  to  that  of  cream  of  tartar  observed  in  the  manufacture 
of  wine,  and  hence  these  bodies  were  classed  together  by  him 
under  the  name  of  tariants.  Van  Helmolt  held  similar  views^ 
but  lie  made  these  deposits  the  subject  of  an  experimental  in- 
vestigation, and  observed  that  on  dry  distillation  they  yielded 
the  volatile  alkali,  a  yellow  crystallme  mass,  some  combustible 
oil,  iiud  carbon.*  Similar  experiments  were  made  by  other 
chemists.  But  the  examination  of  unc  acid  in  the  wet  way 
yielded  no  important  results,  until  Scheele  in  1776  discovered 
uric  acid  and  showed  that  certain  of  these  concretions  dis- 
solve in  alkali,  and  are  reprecipitated  on  the  addition  of 
acids.  He  likewise  noticed  that  they  dissolve  in  nitric  acul 
with  evolution  of  nitrous  vapours  and  fixed  air,  and  that  the 
solution  on  evaporation  leaves  a  red  residue.  In  one  passage 
Scheele  explains  that  the  concretion  is  an  oily  salt  in  which 
tlie  acid  is  in  excess,  and  in  another  he  calls  it  a  new  aci^^ 
About  the  same  time  Bergman  was  occupied  in  an  irjvestiga- 
tion  of  a  urmary  calculus  and  he  also  noticed  the  fonDation 
of  the  rod  colour  produced  by  the  action  of  nitric  acid.^ 

Uric  acid  was  first  termed  lithic  acid,  the  name  which  it  now 
bears  having  been  introduced  by  Pearson  in  1707  in  the  form 
of  unc  oxide,*  whilst  Fuurcroy,  in  1799,  designated  it  as  add 
urique^ 

-  rTj^iiwc,  ii.  73 ;  *>tll.  N.  Enid«k.  iii  227. 
'  npusc.  I?,  387  1  Crtll.  iii  232. 


♦  iicherer,  Jmtrn^  Vh^rn,  L  48, 


»  Ann,  Chcm.  xvi  11(5;  xxvix,  225, 
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AcQoiigst  the  numerous  chemists  who  have  iovestigated  iiri« 
Did  the  names  of  Licbit^  finJ  Wtibler  deserve  the  first  mention 
il  their  classical  research  th»jy  showetl  that  tl.e  acid  yields  a  largr 
number  of  derivatives,  which  may  be  grouped  t^^gethor  under 
alloxan,  C4B[2N^O^,  and  parabanic  acid,  CgH^NjOj.*  Schlieper 
then  niade  us  acquainted  with  many  other  derivativeiH,*  but  it 
is  to  Baeyer'a  investigation  that  we  are  indebted  for  the  first 
dear  insight  into  the  constitution  of  these  somewhat  complicated 
compounds,  inasmuch  as  he  showed  that  most  of  these  derivatives 
are  compound  ureas  containing  acid  radicals.* 

Uric  acid  is  a  product  of  the  nietabolisra  f^f  the  animal 
janism.  It  occurs  in  human  imiie,  which  normally  contains 
^btiut  0*5  i^rams  per  diem.  It  is  likewise  found  in  the  uriae 
'  of  other  mammalia,  especially  in  that  of  the  caniivora,  and  also 
[-1  n  carnivorous  and  graminivorous  birtls  and  reptiles.  The  excre- 
ti^ieut  of  insects  and  other  lower  animals  also  contains  uric  acid  j 
it.  is  likewise  found  in  the  flesh  of  the  alligator,  and  in  the 
-^ngs,  spleen,  liver,  ami  brain  of  the  ox.*  In  gout  and  other 
ttseases  it  occurs  in  the  blciud  as  the  acid  sodium  siUt,^  and  it  is 
leposited  in  the  joints,  as  so-called  clialk  stones,  and  is  alsoft>und 
H  various  secretions,  as  in  the  saliva,  perspiration,  gastric  juice, 
Uriijary  concretions^  as  well  as  the  bufl-coloured  sedinxent  or 
lUfidiness  observed  in  the  urine  of  man  and  of  many  animals, 
"^jsually  consists  of  uric  acid  or  acid  ammonium  urate,  and  this 
^»re-^iissolves  when  the  urine  is  warmed. 

Amido-acids,  such  as  glycocoU,  leucinCt  aspartic  acid,^  as  well 
93B  urea  itself,^  when  brought  into  the  oi^anism  of  fowls  are 
^rhanged  to  uric  acid  found  in  the  urine. 

Pr*:paTati</ii.     Uric  acid  was  formerly  prepared  either  from 

^«irme«  from   urinary  concretions,   or   from    the   excrement    of 

|^^,^raiuimvorous  birds  and  seqient"^*    Guano  is  mivv  best  employed 

I^B^or  the  purpose,  and  not  long  ag«>  uric  acid  was  manufactured 

^>ii  a  large  scale  from  this  source  for  the  preparation  of  the  red 


1   Ann.  Chem.  Phnrm.  xxvi,  241.  -  lb,  IvL  1, 

•  Jk  cxxvil  1  aiui  1UI»;  nxxx.  120. 

•  On  the  OcciiriHiice  of  lJii(!  Acid,  see  Gmelin^a  ffandhook^  vol.  x.  p.  455, 

•  GMtoti,  Mtd,  Chir.  TniM,  xjcxi.  83.     Ih,  xnxvii,  82S. 

•  Br(U<tti*'fnii,  Commit,  Ei^tut  XL'iii»  5^91. 

"  Kiii»'ri»*m.  Brr,  Dctt/^i.  Chan,  Gr:f.  x,  1930  ;  Jafle  and  Meyer,  ib, 
^  Bmmnm^t,  Ann.    Chim,  Phjfs.  xviL    W2t  Prout,  Phil,   tmtti,  1S18,  420  ; 
^nich,  Ann.  Chm,  Phnnn,  liv,  189;  All^'n and  Bensch*  ik  Ixv,  181  ;  Frit&clic, 
^oum.  Prali.  Vhrm,  x\\\  245  ;  Ar|ipe,  Ann.  Chcin,  PJiarrn.  IxxxviL  237. 

•  BiWn,  Ann,  Cfy^fft    PI  arm,  Iul  111;  B^^nsch,  ib.  Iviii,  26d  ;  Liiwe,  Jourr^, 
-J*mkt.  Chaa.  xcvL  40 
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oolouring-matter  miirexiJe,  the  demand  for  which  has,  hnweven 
DOW  disappeared,  owing  to  the  introduction  of  aniline  red. 

In  order  to  prepare  uric  acid,  guano  ia  first  moistened  with 
dilute  hydrochloric  acid,  to  dissolve  the  oxalates^  carbonate*, 
and  phosphates  which  are  present.     The  residue  is  thert  ^ --^ 
with  caustic  soda,  and  the  clear  solution  acidified  witL 
chloric  acid.     If  the  uric  acid  which  is  then  precipiUU^xl  itt 
not   colourless,  a  small   quantity  of   potassium  permanganate 
or   potassium   bichromate   is    added    to    the   boiling   alkaUne 
solution,  and  the  uric  acid  then  reprecipitated  by  hydrochloric 
acid,  the  precipitate  being  afterwards  repeatedly   boiled  wilb 
strong  hydrochloric  acid.     The  crude  acid  may  also  be  dissokei 
in  concentrated  sulphuric  acid,  and  precipitated  by  the  additiou 
of  water.^ 


4 


Fia.  Ill* 


659  Spntkesis  of  Uric  Arid,  Uric  acid  has  recently  been  ob- 
tained synthetically.  Streeker  had  noticed  some  time  ago  that, 
when  heated  with  concentrated  hydriodic  acid  to  160^ — 170%  uric 
acid  decompfjses  into  glycocoU,  ammonia,  and  carbon  dioxide* 
tlie  two  latter  compounds  being  products  of  decomposition  oC 
urea,     Horbaczeweski  has  now  made  the  interesting  discovery"- 

that  when  glycocoll  is  heated  with  an  excess  of  urea  to  200* 

300",  uric  acid  is  formed  :  ^ 

CjH.NOj  +  3CH,N,0  =  C.H.N.O,  +  3NH,  -h  SH^O. 

'  Hofmaoii,  Hrp.  London  Exhibition^  186?,  118. 

«  ZciUhr,  Chtpi.  1868,  215.  «  Ber,  IMuUdk.  Chem.  Om,  xir,  267$. 


mnrBGSis  or  usic  acid. 


PhfperHeL  Uric  acid  consists  of  a  cryst4dliDe  powder  cf  small 
or  tables  (Fig.  Ill),  which  become  larger  when  slowly 
from  uiiiie.  It  dissolves  at  SO*  in  fr\m\  1 4^000  to 
15,000  parts,  and  at  100**  in  from  IfiW  to  1.900  parts  of  w*ter. 
It  is  insoluble  in  alcohol  but  tolerably  soluble  in  glycerine,  and 
it  also  dissolves  ^^ithout  decorapi>sition  in  strong  sulphuric  ncuL 
On  dry  distillation  uric  acid  decomposes  without  fusion,  yielding 
ammonia,  cyanic  acid,  cyanuric  acid,  and  urea,*  Scheele  noticed 
that  a  solid  add  is  deposited  on  the  sublimation  of  uric  acid,  luid 
this  he  compared  to  succinic  acid,  whilst  Pearson  consiticrml  h 
to  be  benzoic  acid.  WilUam  Henry  held  the  opinion  that  it  was 
a  peculiar  acid,  and  this  was  coufinjied,  in  the  year  1H20,  by 
Laamigne  and  Chevalier  who  termed  it  pyro-nn^  acid,  and  this 
WIS  shown  by  Wohler  to  be  cyanuric  acid.  When  oxidized  in 
sdd  solution  it  3nelds  urea  and  alloxan  or  niesoxalyl  urea» 
CjOj|(NH)^CO,  and  when  heated  with  ammonia,  mycomolic 
acid,  CjO(NH)^CO,  is  fonned,*  which  latter  conip>ynd  is  also 
obtained  when  uric  acid  is  heated  with  water  to  180**,  carbon 
mouoxide  being  evolved,'  These  reactions  jx)iiit  to  tlie  conntitu- 
tional  formula  of  uric  acid  which  was  first  given  by  Fittig  ;  * 


AUoian.                                      Mvfomclic  Aihi, 

HN-CO                           HN— C=NH 

II                                                                   II 

ft       CO  CO    +    2NH,    =    CO  00           +    2H.0. 

■    HN    CO                          HN    C=NH 

B             Uric 

■  HN— < 

1    ^ 

■  HN    ( 

Acid.                          Mvcrnnelic  Acid. 

:— NH             HN— C_NH 

^0  CO    =    CO       CO         +    CO. 

>-NH            HN— C— NH 

Another  constitutional  formula  for   uric  acid   proi^n-.d   liy 

UedJcus,  wliich  corresponds  well  with  most  of  the  reactions,  in 

the  following : 

HN— CO 

^K                            CO  C-NH 

H 

1      >». 

HN— 0— NH 

1  'WSh]«r,  Pom,  Jnn,  ww,  529  u^  62€. 

'  Wd|ikr»  Jnm,  CV»i.  fkarwu  citL  Un ;  Ul^dwwU,  A.  M.  fit. 

«  Grwmir.  Org.  CAma.  lOlat.  S09 }  Jf^.  IfcmlitL  Omn,  Om.  si.  XIH* 
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THE  URIC  ACID  aROUR 


Tests,  When  uric  aciid  is  heated  with  a  small  quantity  of  miric 
acid  and  evaporated  to  dryness,  a  pinkish  residue  is  obtaineci, 
which,  on  addition  of  ammonia,  yields  a  deep  redd ish* pur |»le 
solution.  Putash  converts  the  colour  into  a  violet  bUu>.  This 
reaction,  which  was  first  observed  by  Prout,  vail  be  explained 
under  the  head  of  Murexide, 

If  uric  acid  be  dissolved  in  a  drop  of  carbonate  of  soda  solution, 
and  then  brought  on  to  a  piece  of  filter-paper  moistened  with 
a  soluti«7n  of  silver  nitrate,  a  dark  brown  staiu  of  metnllic  silver 
is  formed.* 

Estimation  of  Uric  Acid.  In  order  to  determine  tijt^  ijuaniar  v 
of  uric  acid  cooUiined  in  uriue,  200  ec.  of  the  liquid  are  mixed 
with  10  cc.  of  a  saturated  solution  of  carbonate  of  sodium,  and 
after  stjuiding  a  few  hours  20  cc.  of  concentrated  sal-ammoniac 
solution  are  added,  and  the  mixture  allowed  to  stand  fi)r  fiirty- 
eight  hours  longer  in  a  cool  place,  The  precipitate  is  collected 
on  a  weiiq^lied  filter  and  wfiahed  two  or  three  times,  and  then  a 
mixture  of  one  part  of  hydrochloric  acid  of  siM?cific  gravity 
1*123,  and  ten  parts  of  water  poured  on  until  the  whole  of 
the  ammonia  has  been  removed.  The  filtrate  is  then  allowed 
to  stand  for  six  bout's,  and  the  uric  acid  which  precipitates 
is  added  to  that  on  the  filter,  and  the  whole  washed  twice 
with  water  aud  then  with  alcohoL  It  is  dried  at  110",  OOS 
gram  being  added  to  the  weight  fouiid,* 


The  Urates, 


66o  Uric  acid  is  a  weak  dibasic  acid.  Its  salts,  which  have 
been  chiefly  investigat-ed  by  Bensch,'  and  Bensch  and  Allen/  are 
for  the  must  part  ilifficidtly  soluble  in  water,  the  normal  urates 
of  the  alkali  metals  being  the  most  .soluble ;  from  these  solutions 
carbon  dioxide  precipitates  the  difficultly  soluble  acid  salts. 

Normal  Fotassifint  Urate,  C^H^.N^O-^K,.  Uric  acid  dissolves 
readily  in  potash  ley  forming  a  liquid  which  has  a  sweetish  taste 
ELud  which  froths  like  soap-suds  (Scheele).  The  nonnal  salt  is 
precipitated  from  this  solution  by  carbon  dioxide.  It  is  also 
obtained  by  dissolving  the  acid  in  dilute  caustic  potash  and 
€vapt>rating  the  solution  in  a  retui  t    The  salt  is  obtained  in 


•  Behifr»  Jnn,  Chem*  Phrtrm,  oix.  67. 
'  Sulkowski,  /VfjwTifwr'  ZeitAfh.  xvL  871. 


*  iJ.  Uv.  18t 
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TUE  URATEa 


es  ov  as  a  white  crystalline  meal  It  possesses  a  strong 
ine  reaction  and  a  caustic  taste,  an  J  it  is  grarlnaily  decom- 
[  by  boiling  water  with  formation  of  the  acid  salt.  Thirty- 
arts  of  water  at  15"*  dissolve  one  part  of  the  salt,  but  it 
ITS  to  be  partially  decomposed  as  tlie  solutiuii  contains  a 
quantity  of  free  caustic  potash,  and  the  undissolved  residue 
ins  the  acid  salt. 

id  Poiassium  tfrate,  C^K^^fi.^K,  is  an  amorphous  or 
liar  mass  which  dissolves  at  20'  in  from  7ti0  to  800  part*, 
kt  100''  in  from  70  to  80  parts  of  water.  In  fevers  it  occurs 
urinary  deposit. 

Tfnal  Sodium  Urale,  CgH^N^OjN'ag  +  Hj^O,  closely  resembles 
lotassium  salt,  and  forms  hard  nodnlcs  which  dissolve  with 
al  decomposition  in  62  parts  of 'water. 


Hum  Urate,  SC^HgN^OgNa  +  H^O,  is  firmed  not  only 
e  action  of  carbon  dioxide  on  the  normal  salt,  but  also 

uric  acid  is  boiled  Yfith  carbonate  of  soda,  borax,  sodium 
»hate,  or  sodium  acetate.  It  is  a  crystalline  powder  ex- 
ng  under  the  microscope  the  forms  siiowninFig.  112,  and 
ring  at  15°  in  from  linO  to  1200  parts,  and  at  100**  in 
123  to  125  parts  of  water  It  occurs  in  amorfjhous  grains 
urinary  deposit,  and  also  in  gouty  Cijncretions. 
id  Ldtkiufn  Urate,  C^HgN^O.^Li,  crvstallizes  in  grains  and 
ves  at  20'  in  367*8  parts,  and  at  100^  in  39  parts  of  water. 

onual  siilt  does  not  exist* 


•  ^hillJDg,  Ann,  Chem^  Pkarm.  cjtxii.  241, 
183 
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The  ready  solubility  of  uric  acid  in  carbonate  of  lithium  is 
remarkable,  inasmuch  as  this  salt  itself  requires  200  parts  of 
water  for  its  solution.  If,  however,  etiual  parts  of  uric  acid  and 
lithium  carbonate  be  brought  in  contact  with  90  parts  of  water 
at  blood-heat,  a  clear  solution  is  obtained,  and  at  the  boiling- 
point  one  part  of  the  carbonate  and  no  less  than  four  parts  of 
the  acid  dissolve.     Owing  to  this  property^  lithium  carbonate  is 

much  used  in  cases  of  gout  or  in  other  diseases  in  whi*'h   ' > 

of  uric  acid  are  formed*    Lipowitz,  who  made  these  obsei 
remarks  that  lithium  is  truly  a  tianien  et  otnai  when  wo  re- 
member its  power  of  dissolving  calculi^ 

Acid  Amnumium  Urate,  C5H^N^0jt(NHJ.  This,  as  haa  been 
stated,  occurs  in  many  urinary  concretions,  and  in  the  solid 
excrements  of  birds  and  serpeuts,  and  is  formed  when  uric  acid 


Fia,  113. 

is  boiled  with  ammonia.  It  crystallizes  in  microscopic  needles 
(Fig,  113)  which  dissolves  at  15°  in  1G08  parts  of  water.  Wlien 
boiled  for  some  time  this  solution  loses  all  its  ammonia, 

Tlie  normal  salt  does  not  exist,  but  salts  having  the  following 
comp<isition  are  kno^vn: 

(a)  C,H,N,0,(NH^+C,H3NA(NHj,  and 

(J)  2C,H,N,0,(NH,)  +  C^H,N,0,(NH,)r« 

Tlie  urates  of  other  metals  either  dissolve  with  more  difficulty 
thnn  the  foregoing,  or  are  altogether  insoluble. 

'  Ann.  Okrm,  Pharftu   txxvili,  S52. 
^  Udy,  Jitun^  tfokL  Ctum.  xdL  10, 
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66x  Sulphates  of  Urk  Acid,  By  dissolving  uric  acid  in  hot 
sulphuric  acid  and  cooling  the  solution  Fritzsche  obtained  large 
^ranspamnt  crystals  having  the  formula  C\H^N/)3»4H2SO^.^ 
Lowe  also  obtained  similar  crystals,  containing  two  molecules  of 
sulphuric  acid,^  and  Lassaigne,  on  dissolving  in  warm  sulphuric 
acid  tha  crystals  which  are  first  formed  by  saturation  with  uric 
&cid  at  100°,  obtained  on  cooling  large  transparent  crystals 
ooDtaining  three  molecules  of  sulphuric  acid.* 

Mtihyl  Uric  Acid,  G^^{C]l^^fi^,  is  obtained  by  heating 
lead  urate  with  methyl  iodide  to  ISC'* — 160^  It  forms  small 
thin  prisms  which  dissolve  in  abiiut  250  parts  of  boiling  water, 
and  are  almost  insoluble  in  cold  water  and  boiling  alcohol.  It 
gives  the  murexide  reaction,  and  when  heated  with  bydrocbloric 
acid  under  pressure  it  decomposes  into  carbon  dioxide,  ammonia, 
methylaraine,  and  glycocoll,  wliilst  on  oxidaticm  with  nitric  acid 
it  yields  methyl-alloxan*  It  is  a  dibasic  acid,  and  forms,  with  the 
metals  of  the  alkalis  and  alkaline  earths,  easily  soluble  salts.'* 

DimitJiyl  Uric  Acid,  C^^{Q}3.^^fi^,  is  obtained  by  heating 
basic  lead  urate  with  methyl  iodido  and  forms  small  oblique 
prisms  containing  one  molecule  of  water.  It  dissolves  in  about 
200  parts  of  boiUng-  and  800  parts  of  cold-water,  and  is  scarcely 
soluble  in  alcohol-  On  heating  with  hydrochloric  acid  it  yields 
the  same  products  as  methyl  uric  acid,  and  on  oxidation  de- 
compjses  into  methyl  urea  and  methyl-alloxan,  from  %vhich  it 
appears  that  the  two  methyl  groups  are  contained  in  two 
different  urea-residues*     It  is  also  dibasic* 

Uroxanic  Acid,  Cj^H^N^O^  is  formed  wtien  a  solution  of  uric 
acid  in  caustic  potash  is  exposed  for  some  months  to  tho  action 
of  air  fi'ee  from  carbon  dioxide,  when  the  following  reaction 
occurs  :® 


OH 


HN— C— NH 
\ 


(To 


>:o' 


CO     -h     0     -^ 


HN— C-NH 


2HjO     - 


OH 


»  Jmim,  Prakt  Chcm,  liv,  243,  '  Jb.  xcviL  108. 

■  Jahraik  1864.  €69. 

•  HtU*  Jitr.  iMuUch.  Chtm.  Oes,  iz,  370,  1090. 

•  3!Abery  and  llill,  B^,  DiUUcL  Cftem.  Oe»,  xL  132» ;  xiiL  780. 

•  8udeler»  Ann.  Chr-m.  Phinn,  IxxriU.  286 ;  Streckei,  i^.  dv.  177  ;  Mulder, 
&r.  DtuUch,  Vfuvt,  Ou,  yiiL  129L 
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To  this  liquid,  after  standing,  acetic  acid  and  alcohol  are 
added,  when  the  potassium  uroxanate  is  thrown  down,  and  this  is 
then  decomposed  with  hydrochloric  acid.  This  acid  is  difficultly 
soluble  in  cold  water,  and  crystallizes  in  short  prisms  or  sphe- 
noids. On  boiling  with  water  it  decomposes  into  carbon  dioxide, 
urea  and  glyoxyl-urea.^     Uroxanic  acid  is  dibasic. 

Oxonic  Acid,  C^HgNgO^,  is  formed  together  with  uroxanic 
acid.  It  is  a  dibasic  acid  which  is,  however,  not  known  in 
the  free  state,  as  its  salts  are  decomposed  even  by  acetic  acid 
with  formation  of  carbon  dioxide,  ammonia  and  glyoxyl-urea.* 


66a  The  other  numerous  derivatiyes  of  uric  acid  may  be 
classed  in  three  groups.  It  has  been  stated  that  this  add  when 
oxidized  in  acid  solution  first  yields  urea  and  alloxan  or  mesoxalyl* 
urea.  This  substance,  as  well  as  the  bodies  belonging  to  the 
alloxan  group,  contains  three  atoms  of  carbon  in  direct  combina- 
tion, and  in  addition  to  these  a  urea-residue : 


Alloxan,  or 
Mesoxalylurea 


Dialuric  acid,  or 
Tatronylurea 


.NH— CO 

CO        \co, 
\nh— do 

.NH— CO 

CO        "^^caoH, 
\nh— CO 


Barbituric  acid,  or 
Malonylurea 


.NH— CO 
do  ^CHj, 

"^NH— CO 


Uramil,  or 
Amido-barbituric  acid 


.NH— CO 
CO  \CH.NH^ 

\nh— CO 


Alloxanic  acid 


.NH— CO 

CO        \co. 
\nh,  CO.OH 


1  Modicus,  Bcr.  Daitsch.  Chan.  Oes.  be.  1162. 
-  Jb.  Ann.  Chem.  P/tann,  clxxv.  il30. 
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Further  oxidation  converts  alloxan  into  parahanie  acid  or 
oxalyl-urea.     This  Bubstanre»  as  well  as  the  other  compounds 

Ff  the  parabanic  group,  also  contain  one  urea-residue  or  they 
I  W4mihvreid€j$,  as  follows ; 
■ 


.NH— CO 


Furabaulc  acid,  or 
oxalylurea 


Oxaluric  acid 


Oxaluramide,  or 
Oxalan 


CO 

\nH— CO 
.NH— CO 
00 

\nHj  CO.OH 
NH— CO 


CO 

\nh, 


J   CO.NHj 


If,  on  the  other  hand,  uric  acid  be  oxidized  in  neutral  or 
I  ■atkalioe  solution  alluntoin  is  formed.  This  body  is  a  di-urnde, 
mnd  from  this  the  compounds  arranged  in  the  third  group  are 
•derived : 


Allantom 


Allantoic  acid 


Allanturic  acid,  or 
glyoxylurea 


>Nn— CH— NH 

CO         I        ^CO 
\nH— CO     NH, 


NH— CH — NH 

^CO 
NHj   COjHNHj 
NH— CH 


/ 
CO 


\. 


NH,   CO 


ALLOXAN  GROUP. 

663  Uyfomdic  Acid,  CjHiN^Oj.  The  formation  and  constitu- 
lion  of  this  body  have  already  been  discussed.  Its  synthetic  pro- 
iduction  is,  however,  a  matter  of  great  interest.  Cyanogen  and 
dry  ammonia  unite  together  to  form  hydrnzulmin,  C^H^Nj,  a 
|)ilchblack  amorphous  mass  which  is  decomposed  by  water  into 
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hf/dra^ul7no3cin  or  axulmic  add,  C^B.^fi,  which  is  also  forine<l 
when  an  aqueous  solution  of  ryanogen  is  allowed  t<j  standi 
(Vol  I.,  p.  650),  or  io  largor  (juautity  when  the  gas  is  passed 
into  concentrated  ammonia.  If  this  be  heated  for  a  long  time 
with  water,  mycomelic  acid  is  formed,*  It  is  a  yellow  light 
powder  which  dissolves  with  difficulty  in  cold-  but  more 
readily  in  hot-water,  It  is  also  easily  soluble  in  alkalis  and 
acids.  Its  aqueous  solution  fluoresces  with  a  fine,  l  '  '  - 
blue   colour,  and  when  poured  into  water   it  forms  r 

clouds. 

664  Alloxan  or  Mesoxalyl-Urca,  QJ3^^fi^,  A  crystalline  body 
was  obtained,  in  the  year  1817,  by  G.  Brugnatelli,  by  the  action 
of  nitric  acid  or  of  chlorine  and  iodine  in  presence  of  water  upon 
uric  acid,  and  to  tliis  he  gave  the  name  Acido  ossurcirico}  Prout 
showed  that  the  same  compound  is  formed  by  the  oxidation  of 
purpurate  of  ammonia  (murexide),'*  The  mode  of  preparing 
tliis  body  seems  to  have  been  forgotten  until  Liebig  and  Wohler 
]  ointed  out  the  conditions  under  which  it  can  be  obtained  in 
the  pure  state.  They  determined  its  composition  and  more 
important  properties,  and  gave  to  it  the  name  Alloxan.*  It  is 
formed,  together  with  urea,  from  uric  acid  according  to  the 
following  equation : 


HN— C^NH 


/ 
CO 

\ 

HN— 0 


\      \ 
CO    CO 

NH 


+    0    -t-    H,0    = 


HN— CO 

/       \ 
CO        CO 

\       / 
HN-CO 


+     CO 
/ 


In  order  to  prepare  pure  alloxan,  the  following  method  is 
recommended  by  Liebig.^  Uric  acid  is  added  in  small  quantities 
to  a  mixture  of  1  part  of  nitric  acid  of  specific  gravity  \\%  and 
8  to  10  part^  of  water  at  60^*— 70",  time  being  allowed  between 
each  addition  for  the  solid  to  dissolve.  As  aoon  as  the  liquid 
has  become  a  brick-red  colour  it  is  heated  to  boiling  and 
filtered.  To  the  filtrate,  a  couccntrated  solution  of  tin  dtchloride 
is  added  mixed  with  an  equal  volume  of  hydrochloric  acid 
until  the  precipitation  of  alloxantin  (p.  304),  which  takes  plaf*c, 
is  complete.  This  is  then  washed  with  cold  water  and  ilned  00 
a  porous  plate.     The  dry  mass  is  rubbed  up^  with  a  nuxtnf  ♦ 

*  Jac4>buii  and  Emmerlin);;,  Brt,  Ikn/^h.  Chfm,  Ges.  iv.  047. 

*  Brugn.  Oiont.  xL  88  md  117  ;  Ann.^  Chtm,  liiys^  viii.  201  ;  Sckuiei^.  J&unt^ 
XX\Y,  208.  '  Ann.  PhiL  xiv.  3^5, 

*  Ann,  Chem*  Pharm*  xxvi  256.  *  Ann,  C/um.  /Vmrm,  cjtlvii  M6» 


ALLOXAN. 


301 


f  2  parts  of  nitric  acid  uf  specific  gravity  1*5  and  1  part  of 
e   same   add   of   specific    gravity    1*4<2,   to   a   thick    paste* 
nd  the  whole  allowucl  to  stand  until  the  product  is  rea^lily 
id  completely  soluble  in  water-      The  pa^te   is  tlien  dried 
-on   a  porous   plate,   lieated  in  a  water-bath  till  all  the  nitric 
Acid  is  driven  oflf,  and  crystallized  from  the  smallest  possible 
<}uantity   of  boiling    water.      On   cooling   a   warm    saturated 
sohiticm,  large  crystals  of  alloxan,  somewhat  resembling  those 
of   heavy-spar  in   appearance,   but   belonging   to   the   triclinic 
system/  are  deposited  (Fig.  114),     These  contain  four  mole- 
cules  of    water   of    crystallization    and    readUy  effloresce    on 
expofiure.     The  hot  solution  deposits  monociiuic  prisms  (Fig. 
115)  containing  one  molecule  of  water  of  crystallization,  which 
latter,  acconling    to  Gmelin,  is  given   off   at  loU" — 1G0^  the 


0 


0 


0 


g(^*n 


FiQfl.  114,  115. 


rue  becoming  slightly  brownish-red,*  Liebig  and  Wohler 
ider  that  the  monobyd rated  alloxan  is  the  anhydrous  com- 
pound, but,  according  to  Baeyer,®  it  probably  possesses  the 
following  constitution : 

CO— NH. 


C(OH),i 


/^ 


N 


\co— nh/ 


CO. 


H  Alloxan  is  easily  soluble  in  water,  and  has  a  faint  astrin- 
H  gent  taste.  Its  solutions  redden  litmus-paper,  and  stain  the 
^^^in    of  a    permanent   purple-red    c^ilour.    imparting  to   it    a 


»  Ijkiig  and  Gnulicli,  Jahrt*h,  1858,  808, 

•  Hirndbook  Cfrg.  Chem.  x.  173. 

*  Qmtitn-Kraui'i  Bandh,  Sujjpl,  864. 


and  18  therefore  precipitated  by  this  reagent  from  its  aqueous 
solutions.  In  the  pure  state  it  can  be  preserved  without  undei- 
going  decomposition,  but  if  it  contains  nitnc  acid  it  decomposes 
with  formation  of  alloxantin,  oxalylurea,  and  other  products 
and  a  similar  decomposition  occurs  when  the  aqueous  solution 
is  boiled.  Heated  with  ammonia  it  fonns  a  jelly-like  mass  oC 
ammonium  mycomelate.  Ferrous  salts  impart  a  deep  blue  colour 
to  solutions  of  alloxan.  No  precipitate  is  thrown  down  unless 
an  alkali  be  present,  in  which  latter  case  precipitation  at  onco 
occurs.  It  was  by  this  reaction  that  Liebig  and  Wuhler  T^^ 
cognised  that  tlieir  compound  wag  identical  with  Bmgnatelli' ^ 
afyido  ossi^refrica.  When  boiled  with  water  and  lead  oxid^j 
alloxan  is  converted  into  carbon  dioxide  and  urea* 

Alloxan  was  found  by  Liebig  to  occur  in  mucus  in  a  case    ^^^ 
intestinal  catarrh.^ 

Alloxan     forms    compounds    with     the    acid    sulphites     ^:>"* 
the   alkali    metals.     These,   such  for  example  as  C^HjNjO^    -"^ 
HKSOg  +  HgO,    crysbiUizo    well.      Tbe    above    compound      *^ 
difficultly  soluble   in    cold,  but  easily  soluble   in   hot,  wate:*'- 
The  constitution  of  these  bodies  is  analogous  to  that   of  tt*^^ 
similar  compounds  of  the  aldehydes  and  ketones. 

Alloxan  oxidizes  amidopropionic  <icid  to  carbon  dioxide  at^ 
acetaldehyde,  it  being  converted  itself  into  murexide.     In  t^^^*" 
same  way  it  attacks  other  amido-aeids  with   formation  of  t^^ 
isoDieric  aldehydes  containing  one  atom  less  carbon.^     If  alloK^*" 
be  heated  with  tliio-urea  and  an  alcoholic  solution  of  sulpte*-^ 
dioxide,  pseud o-thio -uric   acid,  C^H^N^O^S,  is   formed       TL»  ^^ 
crystallizes  in    fine   needles  which  are  not  soluble   in   wat^^^ 
tliough  easily  soluble   in   alkalis.*      Its   constitution  probaK 
corresponds  to  that  of  pseudo-uric  acid  (p,  307). 

665  AUoxitiiic  Acid,  C^H^N^O^  w^as  first  obtained  by  Vauqueli^  ^ 
in  an  impure  condition,  nnd  termed  Ai-ide  uriqm  »UTarAg^nd,     I^ 
is  also  formed  by  the  action  of  alkalis  on  alloxan,  and  has  beer^ 
investigated  by  Liebig  and  Wohlcr *  and  also  by  Schlieper*     Ii^ 
order  to  prepare  it,  baryta-water  is  added  drop  by  drop  to  ^ 
warm  saturated  solution  of  alloxan  until  a  permanent  turbidity" 
is  produceil     This  is  then  removed  by  the  addition  of  a  small 
quantity  of  alloxan,  and  the  whole  cooled.     Barium  alloxanate, 

'  An'K  Chtm.  Phnrm,  cxxi  80. 

"^  Gregor)%  PhiL  Mnth  V-^l  xxiv%  189;  Wtith,  Ann.  Chem,  Pkarin.  criji.  II, 

»  Strecker,  i*.  cxxiii.  36^, 

*  Nfiicki,  Jkr.  IhuL^h,  Chem    GtJ.  iv  722. 

*  Ann^  Vhcm,  Pharnu  xxvi,  292*  •  Ik  U,  263  ;  IvL  1, 
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^U^H^N^OgBa+^HgO,  then  sepiirates  in  short  prisms  or  pearly 
^BcaleBy  and  the  toother-liquor  is  again  treated  with  baryta- 
^^*ater  in  a  similar  way.  The  salt  is  decomposed  by  dilute 
^mlphuric  acid,  the  solution  concentrated  over  sulphuric  acid, 
^wben  a  syrup  remains,  and  this,  on  standing  for  sttme  time, 
^eposit^  a  radiated  crystalline  mass  consisting  of  hard  tricliuic 
nieedles. 

Alloxanic  acid  possesses  a  strongly  acid,  and  afterwards  a 
sweetish,  taste.  It  dissolves  zinc  with  evolution  of  hydrogen^ 
and  decomposes  carbonates  and  acetates.  If  the  normal  barium 
or  calcium  salt  be  boiled  with  water,  urea  and  mesoxalic  acid 
are  formed : 


ft 


CO.OH  NH, 

CO    CO 

/         1 
CO NH 


HjO 


CO.OH 

\ 
CO      + 

/ 

CO.OH 


NH. 

I 

NH, 


According  to  this  formula  alloxanic  acid  contains  only  one 
carboxyl  It  is,  however,  dibasic,  and  forms  acid-  normal- 
and  basic-salts,  inasmuch  as  the  hydrogen  of  the  amido-group^ 
wljich  is  combined  with  two  carbonyls,  can  be  replaced  by 
mct^K  On  the  other  hand  Claus  ^  represents  it  as  having  the 
foUowiDg  constitution : 

HN      CO.OH 

I/I 

HN     CO.OH. 


If  this  view  be  correct  alloxan  is  the  corresponding  hydrate, 
and  alloxanic  acid  should,  therefore,  be  readily  converted  into 
this  body  ;  this  is,  however,  not  the  case. 

666  Ihulurw  Acid  or  Talronyl  Urea,  C^H^N^O^.  This  com- 
pound is  the  final  result  of  the  action  of  reducing  agents,  such  as 
zinc  and  hydrochloric  acid,  on  alloxan.  It  may  also  be  obtained 
by  passing  sulphuretted  hydrogen  gas  into  a  boiling  solution  of 
alloxan  until  the  separation  of  sulphur  ceases  (Liebig  and 
Wohler).  The  following  is,  however,  the  best  method  of 
preparation,  impure  uric  acid  being  the  raw  material.  On  to 
16  parts  of  this  substance  32  parts  of  tolerably  concentrated 
hydrochloric  acid  are  poured,  and  3  parts  of  finely  jx^wdered 
1  Mcr.  IkiUaeh^  Chcm,  Gcs,  Til.  232« 
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potassium  cUorate  gradually  added,  care  being  taken  that  the 
mass  does  not  become  too  strongly  heatedj  and  that  neither 
carbon  dioxide  nor  chlorine  is  evolved.  The  paste  of  alloxan  thns 
obtained  is  dls8i>lved  in  a  small  quantity  of  warm  water,  and  the 
solution  filtered  off  from  any  undecompoaed  uric  acid.^  A 
quantity  of  metallic  tin,  equal  in  weight  to  the  uric  acid 
employed,  is  then  dissolved  in  an  excess  of  strong  hydrochloric 
acid,  and  the  hot  solution  added  to  the  solution  of  alloxan,  and 
then  such  a  quantity  of  hydrochloric  acid  added  that  every  500 
grams  of  the  uric  acid  is  made  up  to  four  liters  of  liquid. 
After  standing  for  twenty-four  hours  the  dial  uric  acid  which 
separates  out  is  filtered  off,  quickly  washed,  pressed,  and  dried  in 
a  vacuum,*  Its  formation  is  represented  by  the  following 
equation : 


NH-CO 

CO     CO    + 

t     I 

NH— CO 


NH— CO 
SnCl^  +  2HC1     =     CO    CH.OH  ^  SnCl, 
NH--CO 


Dialuric  acid  crystallizes  in  short  four-sided  prisms,  slightly 
soluble  in  cold  water,  and  oxidizing  in  the  moist  state,  on 
exposure  to  air,  quickly  to  alloxantin*  The  acid  is  mono- 
basic, ammonium  dialurate  and  potassium  dialurate  being  the 
only  two  salts  kno\^Ti.  These  are  anhydrous  and  difficultly 
soluble  in  cold  water.  Their  solutions  reduce  silver  nitrate  even 
in  the  cold* 

667  AlhxuTitin,  CjjH^N^O^  -f  3HgO.    We  have  seen  that  allox* ^ 

antin  is  formed  not  only  by  the  reduction  of  alloxan  but  also  by 
the  oxidation  of  dialuric  acid.     It  is  moreover  produced  when 
equal  molecules  of  dialuric  acid  and  alloxan  are  brought  togeth* 
in  concentrated  solution,^  this  reaction  being  usually  explaine 
by  the  following  equation  : 


NH— CO  CO— CO 

II  II 

CO     CH.OH    +    NH     CO 

I  I 

NH— CO 

-h    H,0. 


CO— NH 


NH-CO    CO— CO 

CO     CH— N      CO 

I  I         I         I 

NH— CO    CO— NE 


*  Schlie^icr,  Anm.  Chtm.  Pharm,  Iv.  2SS. 
'  Biieyer*  Jnn,  Cheni,  Phnrtn,  cxxvii,  12, 

*  Wohler  and  Lbbig,  Ann.  Chan,  Fharm.  xxri,  27^. 
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But  in  opposition  to  this  view  the  fact  must  be  remenibere<l 
at  when  dimethylalloxftn  and  dimethyklialuric  acid,  a  re- 
let ion -prod  act  of  the  first  named  body,  are  brought  together. 
ih  jdrous  tetramethylalloxantin,  CgH5(CHg)^N^0g,  is  produced, 
leiice  the  following  equation  more  probably  represents  the 
nnation  of  alloxan  tin : 


NH CO  CO— NH       NH CO       CO— NH 

CO  =  CO  HO.C— 0— CH  CO 


CO.HO.aOH  +  HO.CH 

II  II 

NH CO  CO— NH 

H-H,0. 


NH- 


io 


CO— NH 


Jrystalhzed   alloxan  tin    would,    tl>erefore.    have    the    formula 
3gH,N,0,+  2H30. 


Fic,  116. 

Its  preparation  has  ahready  been  described  under  alloxan.     It 

ystallizes  in  colourless  or  yellowish,  small,  oblique  rhombic 
irisms  or  tables  (Fig.  116).  Alloxantin  is  also  formed  when 
tfiimonium  diidurate   is   evaporated  with  an   excess  of  dilute 

Iphuric  acid,  and  the  solution  allowed  to  stand,  when  crystals 
f  another  form  separate  out,  and  for  this  reason  Liebig  and 
^^ohler  believed  it  to  be  dimorphous.  According  to  Gregory, 
iowever»  these  crystals  are  pseudomorphs  of  dialuric  acid.^ 

Alloxantin  is  difficultly  soluble  in  water;  it  colours  htraus 
red,  but  does  not  form  salts.     It  loses  its  water  of  crystalliza- 

on  at  150'',  and  becomes  red  in  the  air  from  absorption  of 

'  Phil  Mag.  xiiv.  18fi. 
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ammonia.     Baryta-water  gives  a  fine  violet-blue  precipiua^^^' 
which   becomes  colourless  on  heating,  from  formation  of  "^"^^ 
barium  salt^  of  dialuric  acid  and  alloxanic  acid.    Alloxan*"  ^^^^ 
reduces  silver  salts,  selenium  dioxide,  osmic  acid^  &c.,  and  w 
heated  with  dry  ammonia  it  ia  converted  into  murexide. 

If  an  aqueous  solution  of  alioxantin  and  cyanainide  be  boili^*^^* 
iso-uric  acid,  CgH^N^Og,  is  obtained,  together  with  alloxaiL  '-} 

is  a  heavy  insoluble  powder  having  a  faint  acid  reaction,  and  ^ 

more  easily  oxidized  than  uric  acid  itself.^ 

668  Barbituric  Acid  or  Malmyl-urea,  C^H^NjO^  ^  2H5O,  w— *sr^ 
first  obtained  by  Baeyer  from  hydurilic  acid,  a  body  which  v  ^^ 
be  described  hereafter.^  Barbituric  acid  is  also  formed  easily  whtstf^ti 
alioxantin  is  heated  on  a  water-bath  with  3  to  4  parts  ^ 
sulphuric  acid  until  the  evolution  of  sulphur  dioxide  ceased-* 
It  may  also  be  synthetically  obtained  by  heating  equal  weigh*^ 
of  malonic  acid,  urea,  and  phosphorus  oxychloride  to  100*:^ 

CO.OH  NHj  CO— NH 

/  \  /         \ 

3  CH-  +    3    CO    -h    2P0CL    -    3  CH.      CO 

\  /  \        / 

CO.OH  NH,  CO— NH 

4-    2P0(0H)j,    +    6HCh 

Malonyl-urea  is  slightly  soluble  in  cold,  but  more  readily  in 
hot,  water.  It  has  an  acid  reaction,  and  crystallizes  in  large 
rhombic  prisms  which  are  converted  by  the  action  of  alkalis 
into  malonic  acid  and  urea,  or  products  of  decomposition  of  these. 

One  atom  of  the  hydrogen  in  barbituric  acid  may  readily  be 
substituted  by  metals*  So-called  normal  salts  are  knowna,  such, 
for  instance,  as  silver  barbitiirate,  C^H^Nj^O^Agj,  a  white, 
amorphous  precipitate.  Methyl  iodide  acts  violently  upon 
this  substance  witli  formation  of  dimethyl'harbiiuric  arid, 
Cfi^^.J,CE.^^  a  body  wldch  is  difficultly  soluble  in  cold 
water,  but  crystaUizes  from  hot  solution  in  glistening  tablets^ 
The  fused  mass  boils  at  265",  but  the  crystals  melt  at  a 
much  lower  temperature*  When  this  is  decomposed  by 
caustic  potash  malonic  &cid  is  not  formed  as  might  have 
been  expected,  but  dimethyl-malonic  acid  (p.  256),  Hence 
it  appears  that  in  barbituric  acid  the  hydrogen  atomis  con- 
nected with  carbon  can  be  replaced  by  a  metal.  Dimethyl- 
barbituric  acid  has  a  faint  acid  reaction.     When  neutralized 


J  Awn,  t'Aon.  Phana,  I'sxit,  136. 

*  Grtmiiux,  Bull,  SiK.  Chin^  xxxi  li6. 
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_with  ammonia  and  silver  nitrate  added,  the  hydrogen  atoms 
Brhicli  are  combined  with  the  nitrogen  can  also  be  replaced  by  a 
Bdetal.  Dimethyl-barbituric  acid  is  also  formed  when  dimethyl- 
^bialonic  acid  and  urea  are  heated  with  phosphorus  oxychloride,^ 
H  Malonyl  Dimdhyl-ureu  is  a  body  isomeric  with  dimethyl- 
^jarbituric  acid.  It  is  obtained  by  the  action  of  a  mixture  of 
malonyl  chloride  and  phosphorus  oxychloride  on  dimethyl  urea, 
cuid  crystaUizes  in  fiat  needles  melting  at  1^2!" ,  volatilising  without 
decomposition,  and  dissolving  easily  in  water.^  The  following 
B^nulse  explain  the  isomerism  of  these  two  compounds : 

^^^P         ptmcthyKmalonjl  Urea.  Malonyl  Dim€tliyt*UTet. 

■      66 


Dtrarthyl-malonyl  Urea. 
(DincUtyl-bttrhituic  aciJ.) 

CO— NH 

?(CH,),^0 

50— NH. 


d(C 
CC 


CO— NCH- 
/        \ 
CH,      00 
\        / 

CO— NCHj. 


I 


669  Dialuramide  or  Amtd^-malonyl-urea,  C^H^N-Oj,  was  first 
obtained  by  Prout  as  a  prfxluct  of  the  decompositon  of  ptirpurate 
of  ammonia  (murexide)  by  acids,  and  teniied  by  him  purpuric 
acid,^  This  name,  which  gives  a  false  idea  of  the  nature  of  the 
body,  was  changed  by  Lie  big  and  Wohler  to  murexan^  By 
boiling  alloxantin  with  sal-ammoniac  solution,  or  by  boiling 
thionuric  acid  with  water,  they  obtained  a  compound  which 
they  termed  uramil,^  Beilstein  found  that  this  b<xly  is 
identical  with  murexan,^  and*Baeyer  ascertained  its  eoustitutitin 
inasmuch  as  he  obtained  it  by  the  reduction  of  nitroso-  and  nitro- 
malonyl  urea.  Its  formation  from  alloxantin  may  be  rendered 
clear  by  the  following  equation  : 


NH— CO 

I         I 


CO^^ NH 


I 


I 


CO     CH— 0— C.OH    CO 


-ic 


NH— CO 
NH— CO 


I 
co- 


-NH 


+  NH.Cl 


-NH 


A 


HNH., 


H— CO 


CO- 

I  I 

C(OHLCO  +  HCl 

I  I 

CO— NH 


nSanA  kiid  (latA'U,  Ber,  Deuttch,  Chem,  Oa,  xiv,  1643  ;  Tbornc,  Joum. 

n.  »><■..  1891,  i.  543, 

""  -    f^T,  Dtxtteh.  Chem.  Oei.  xiL  465. 
"  '.  1818,  410.  Ann.  Client.  Pharm.  JOtvi.  327. 

»/       :       40,  S23.  ♦  VA.  cvii.  178. 
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It  forms  silky  needles  insoluble  in  cold,  but  slightly  soluble  ic 
hot,  water. 

Pseudo-Uric  Add,  C^H^N^O^.     Wlien  dialtimmide  ia  boiledi 
with  a  solution  of  potassium  cyanate  the  potassium  salt  of  this^ 
acid  is  formed.^    The  ammonium  salt  is  obtained  by  beating 
dialuramide  with  urea  to  180°.^     HydroclJorie  acid  precipitates 
the  acid  from  solutions  of  its  ealtj  a^  a  povv^der  consisting  of'^fc' 
small  prismatic  crystals,  which   are  ilifilcialtly  soluble   in   hot 
water,  dissolve  readily  in  ixlkalia,  but  are  decomposed  by  bromine 
or  nitric  acid  into  alloxan  and  urea,  whilst  on  boihng  with  water 
and   lead   dioxide,   carbon   dioxide,  oxalic  acid,   oxaltiric  acid 
(p,  319),  and  urea  are   formed.     Pseu4lo-urie  acid  U  monobasic^ 
and  its  constitution  is  probably  represented  by  the  following 
formula : 

HN— CO 


CO  Cfl—NH— CO- 


NE. 


I       I 
HN— CO 


Tldonnric  Acid  or  SulpJuimiiiharhdarw  AcUl,  C^II.,Nj,SO„. 
Th?s  sul»stance  was  obtained  by  Liebig  and  Wuhler  by  mixing 
ammonium  sulphite  with  an  excess  of  ammonium  carbonate,  atid 
adding  to  this  a  solution  of  alloxan,  slowly  heating  to  the  boiling 
point,  and  allowing  it  to  boil  for  half  an  hour  :* 


HN— CO 

1       I 
COCO    + 

I    I 

HN— CO 


SO,    4     NH, 


HN— CO 
I      I    /^'H, 
=    CO  C< 

I    nso^n 

HN-CO 


On  cooling,  the  ammonium  salt  crystallizes  out  in  glistening,, 
four-sided  tables.     Acetate   of    lead    throws    down    from    thts^ 
solution  the  correspond iiig  lead  salt,  and  this  yields  the  acid  when 
decomposed  by  sulphuretted  hydrogen.    Tliionuric  acid  forms  an^ 
indistinctly  crystalline  mass,  w^hicli  is  not  deliquescent,  has 
strongly  acid  reaction  and  tast^,  and  acta  as  a  dibasic  acid. 

670   Violurk   Acid  or  NUroso-harhiiuric  Acid,    C^HgNjO^, 
Baeyer  obtained  this  acid,  together  with  alloxan,  by  acting  witU- 
nitrous  acid  or  dilute  nitric  acid  on  hydurilic  acid.   Its  potassium 

^  Bueyer,  Ann,  Ckem,  Pharm,  oxxvil  S 
*  Grimaajt,  BulL  »%c.  Chim.  xxxi,  5dS* 
»  Amu  Ch€7n.  Pfmmi.  xxvi  2(18. 


■HHftiii 


VIOLQRIC  ACID.  3C9 


saltia  formed  when  a  solution  of  Lytiurilic  or  of  barbituric  acid 
is  treated  with  potassium  oitrite  :  ^ 

^CO— NH  ,C0— NH 

CH,         ')C0  +  KO.NO  =  CK(NO)  ^CO    +    H/). 

\C0— NH  \C0— NH 

TLe  acid  is  tolerably  soluble  in  cold  water,  readily  so  in  hot 
water  and  in  aleoljol,  ami  crystallizes  in  glistening  rhombic 
!)yrainids  containing  one  molecule  of  water  which  is  driven  off 
it  10(*^  Its  solution  decomposes  on  heating  above  60**,  and 
^hen  tj^ated  with  bleaching  powder  yields  chlorpierin,  Ani- 
nofiium  sulphite  converts  it  into  thionuric  acid,  and  when  heated 
'f-H  potash  it  decomposes  into  nitroso,  raalonic  acid,  carbon 
't>xide,  and  ammonia,  whilst  in  contact  with  hydriodic  acid 
Sulphuretted  hydrogen  it  yields  dialuramide,  Violurie  acid 
Kiionobasicy  and  decoraix>se8  the  acetates*  Its  salts  are 
^^^"acterized  by  their  splendid  and  varying  colours. 
^^^otamiim  Fio/«m/e,  C^H2N^O^K-h2H50,  crystallizes  in  deep 
^^  scales  or  prisms,  which  are  mure  soluble  in  hot  than  in  cold 
^'t^r,  yielding  a  violet  blue  coloured  solution.     When  thro^vn 

E^*^  hot  concentrated  hydrr»chlonc  acid»  colourless  prisms  of  the 
pouBd,  2(C,H,N,0,,KC1)  +H01  +  6H/), separate  out.  These, 
^n  treated  wiib  potassium  acetate,  are  converted  into  the 
^^inary  salt. 

liftdT&tic  tables,  almost  insoluble  in  cold  water. 

W%ia(fn€M%m    Violuratf,  (C^HgNjO^)  3lg  +  BH^O,  is  also  very 

p^fficultly  soluble,  and  forms  oblique  purple-red  crystals. 

I     Ftrroiis  Violnrate,    Violurie  acid  produces  with  ferrous  acetate 

Solution  a  deep,  dark -blue  coloration,  and  on  tLe  addition  of 

ilcohol   six-sided  tables  of  the  above  salt,  possessing  a  red 

metallic  lustre,  separate  out. 

671  BilituTic  Acid  or  KUrobarbUnric  Add^  C^H^NjOg,  is 
ifermed,  together  with  alloxan,  when  hydurilic  acid  or  violurie 
add  is  treated  with  common  nitric  acid,  or  when  barbituric 
Ikcid  is  brought  in  contact  with  t\jming  nitric  acid  :  ^ 

^CO— NH  .CO— NH 

CH,         ^CO  +  HO.NO,  ^CRNO    \C0    +    H,0. 

\C0— NH  \C0— NH 

*  Ann,  (JhnfL  Plytrm,  cxirii,  20 ;  cxxx.  140, 

*  BflMjreri  Ar^n.  Chan.  Pftarm,  cXKVii,  211. 
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It  crystallizes  in  square  prisms,  which  are  eaaily  mhihk  in 
liot,  but  more  difficultly  soluble  in  cold,  water,  yielding  an  in- 
tensely yellow-coloured  solution.     Chloride  of  lime  converts  it 
into  chlorpicrin,  and  hydriodic  acid  reduces  it  to  dialuramwlet 
but  aulplmretted  hydrogen  does  not  act  upon  it^    It  i^  a  tribasic 
acid,   but    its    chanicteristic    salts    are    those    containing   one 
equivalent  of  metal.     Most  of  these  are  explosive,  but  they  aE« 
60  stable  that  they  are  not  decomposerl  by  a  mineral  acid.    T\n& 
barium  salt  ia  not  decomposed  even  by  dilute  sulphuric  aciii 
though  precipitated  by  sulphates.     The  following  are  the  jnos*»l 
characteristic  compounds. 

Monhydric  Fotamum  Diliiuratt^  C^HNgO^jKj.     Dilituric  aci< 
dissolves  in  caustic   potash   yielding  a   citron -yellow  colon 
solution,  and  on  adding  alcohol  to  the  hot  liquid  fine  yellov 
needles,  grouped  in  no^Jllla^  masses,  are  dejxisited.     This  sal^ 
is   insoluble    in   concentrated    caustic    potash,  and    detonatef*^ 
slightly  on  heating,  pure  potassium  cyanate  remaining  behind*  \f 
concentrated  sulphuric  acid  be  abided  to  it,  explosions  occur,  aoi 
hydrochloric  acid  converts  it  into  the  di-hydric  salt,  C^H^NjO^K, 
which  is  always  formed  when  dilituric  acid  is  brought  in  contact! 
with  a  potassium  salt.     This  is  scarcely  soluble   in  cokK  aod 
difficultly   soluble    in    hot,   water,   and  separates  from  dilute 
solution  in  cubes. 

Dihydric  Ammonium  Diliturate,  C^HgNgO^/NH^),  is  a  pre- 
cipitate consisting  of  microscopic  prisms,  wliich  are  formed  when  J 
dilituric  acid  is  brought  itito  contact  with  ammonia  or  an  ammo-  " 
nium  salt. 

Ferrous  DilUurak,  {C^^fi^^¥^^^B.f>,  is  obtained  by  the 
addition  of  dilituric  acid  to  a  solution  of  ferrous  sulphate  and 
fonns  a  precipitate,  consisting  of  needles  which  have  a  faintly^ 
greenish  colour  and  are  very  difficultly  soluble  in  water.  They 
explode  when  heated  above  120". 

Normal  Silver  DUituraie,  C^NgO^^Agjj,  is  formed  when  an  ex- 
cess of  a  hot  solution  of  silver  acetate  is  mixed  with  one  ofil 


I 


I 


dilituric  acid.  It  is  a  lemon-yellow  crystaJIine  precipitate 
which  explodes  on  heating,  but  not  on  percussion.  If  dilituric 
acid  be  employed  in  excess,  or  if  the  acid  be  added  to  a  silver^ 
nitrate  solution,  the  acid  salt^  having  the  formula  C^ILN^jO^gJ 
is  thrown  down*  This  is  tolerably  eoluhle  in  hot  water  audi 
crystidlizes  iu  prisms, 

67a    Violantin,  CgH^N^Og-|-4H20,  is  obtained  by  mixing  hot 
couceutrated  solutions  of  violuiic  acid  and  dilituric  acid,  which 


1 
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then  combine  directly  together.  It  is,  therefore,  also  formed 
when  hydurilic  acid  is  warmed  with  weak  nitric  acid*  It  13 
yellowLsh-white  granular  crystalline  powder  which  on  re- 
stalUzation  from  water  is  again  converted  into  its  oonstituentfi. 
On  the  other  hand,  it  can  be  recrystallizcd  from  glacial  acetic 
add  or  from  dilute  alcohol,  when  only  a  partial  decomposition 
takes  place.  With  ammonia  it  yields  a  blue  colour,  and  with 
tagnesium  acetate  it  forms  a  fine  blue  crystalline  precipitate, 
Vhilsi  magnesium  viol  urate  is  red.  Other  salts  generally 
decompose  it  into  its  constituents.  Thus  with  potassium 
acetate  it  yields  a  precipitate  of  acid  potassium  diliturate, 
whilst,  later,  potassium  violurate  crystallizes  out.' 

ZHbromharbUuric  Acid,  C^H^BrgNgOj,  was  originally  described 

^y  Baeyer  as  alloxan  bromide.     It  is  formed  by  the  action  of 

bromine  on  barbituric  acid,  nitroso-  and  oitro-barhitunc  acid,  and 

hydurilic  acid,  which  at   the    same    time   also   yield   alloxan. 

'^  M  difficultly  soluble  in  cold,  but  dissolves  more  readily  in  hot, 

^at^r,  the  solution  decomposing  on  boiling  with  formation  of 

^Oican  and  a  volatile  body  which  violently  attacks  the  eyes 

^^<X    mucous  membranes.    In  order  to  prevent  this  decomposition 

*t  i«   crystaUized  from  dilute  nitric  acid  solution,  when  rhombic 

P^'isms  or  tables  are  deposited,  and   it  crystallizes  in  the  game 

*orxic4  from  a  solution  in  alcohol,  in  which  it  is  ejisily  soluble, 

**  fVises  on  beating  with  evolution  of  bromine  vapours  yielding 

^    liquid   which,   on   cooling,  solidifies  to  a  crystalline    mass. 

_***X>^nixie  converts  it  into  tribromacetyl-nrea,  which  is  also  formed 

y    tJie  action  of  alkalis,  and  it  is  decomposed  on  heating  with 

^"^Ttiation  of  bromoform.'    When   sulphuretted   hydrogen  gas 

passed  for  some  time  into  a  solution  of  dibrombarbituric  acid 


^^*ited  to  90**  it  is  converted  into  alloxantin.^ 

MtmobrainiarbUuric  Acid^  C^H^BrNjOj,  is   formed    by  the 

^^tion  of  zIdc  or  sodium-amalgam  and  water  on  the  foregoing 

^^omponnd,  and  is  also  produced  by  the  action  of  hydrocyanic 

^ciA,  which  in  the  anhydrous  condition  dissolves  the  dibrom-acid 

><fithout  alteration,  but  when  diluted  acts  upon  it  as  follows : 


CO— NH 
/         \ 
CBr,        CO 
X  / 

CO— :nh 


+    HCN 


CO— NH 
/         \ 

CHBr      00 

CO— NH 


BrCN, 


*  Baeyer,  Amn,  Chenu  Fharm,  cxxvii  223. 
9  Jb.  cxxviL  220  J  cxxx.  1  oO. 

*  QrimAtLi,  BulU  Sac,  Chim  xxxi  Hfl. 
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It  forms  crystalline  cniats  consisting  of  small  needles^  is  difficultl 
soluble  in  cold  watar,  and  is  a  monobasic  acid  which  deco] 
the  acetates** 

673  HydurUic  Acid,  C^^fl^     Tliis  compound,  which  h 
been  often  mentioned  in  the  foregoing  pages,  can  b«  prepared  in 
variety  of  ways.     Schlieper  was  tlie  first  to  prepare  the  acid 
monium  salt,  together  with  alloxan,  by  the  action  of  dilute  aitrit 
acid  or  uric  acid,*   It  is  also  formed  when  alloxan  or  alloxaniin 
heated  for  some  time  with  very  dilute  sulphuric  acid^^  or  when 
dlaluric   acid   is  heated  with  glycerin  to  &  temperature  o1 
140** — 150***    The  glycerin  acts  here  merely  as  a  solvent,  and  t 
reactions  occur  at  the  same  time,  inasmuch  as  four  moleci:! 
of  dialuric  acid  are  converted  into  hydurilic  acid  and  a  fiftl 
into  formic  acid,  carbon  dioxide,  and  ammonia  :  * 

(1)  4C,H,N,0,  =  2C,H,N,0„  4  m,0  +  O,. 

(2)  C^H^NjO^  ^  2HiO  +  O5  -  300^  -f  CH^O^  ^  mU^ 

Hydurilic  acid   is  also    formed,  together  with  glycocoll   and 
carbon  dioxide,  when  uric  acid  is  heated  to  110' — 130**  witfc~: 
sulphuric  acid.* 

It  is,  however,  best  obtained  when  hydrated  alloxantin 
heated  to  170"  in  a  heated  tube : 

SCsH.N.Oy  +  6H,0  ^  CgH^NA  +  ^H,  -h 


C^H^O,  +  SCO  +  4C0 


When  heated  in  an  open  vessel  the  same  reaction  occurs,  but 
the  oxalic  acid  is  converted  into  carbon  monoxide,  carbon  dioxide 
and  water.  Alloxan  can  also  be  converted  in  this  way  int 
hydurilic  acid,  but  only  in  closed  vesseU,  aa  otherwise  the 
water  necessary  for  the  reaction  escapes.^  It  is  also  formed 
U>gether  with  barbituric  acid  when  dibrombituric  acid  is  treated 
with  hydriodic  acid. 

Hydurilic  acid  is  very  difficultly  soluble  in  cold,  but  dissolves 
somewhat  more  readily  in  hot,  water,  crystallizing  in  small 
foui'-sided  prisms  containing  two  molecules  of  water.  When 
hydrochloric  acid  is  added  to  the  hot  solution  a  crjrstalline 
powder  is  thrown  down,  consisting  of  small  rhombic  tables  which 


*  Baeyer,  Ann,  Chtm.  Fharm.  crxx.  131. 

*  Ann.  Chem.  Pharm.  IvL  11. 
<  Baeyer,  lb.  cixvii*  14. 

*  Schaltzen  and  Filehno,  Ber,  DeiUidu  Cficm, 

*  Murdoch  and  Dobnei,  lb,  ii,  1102, 


^  rinck,  Ih.  cxxxii  80S. 
Ow,  i.  150. 
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oontam  one  molecule  of  water.  Hydrochloric  acid  precipitates 
hjrdurilic  acid  from  alkaline  solutions  in  the  fonn  of  a  ciialk-like 
Amorphous  powder  which,  when  allowed  to  stand  with  hot  water 
i  liot  hydrochloric  acid,  soon  becomes  cr}^stallirie-  It  is  a  strong 
dibwic  acid  decomposing  most  of  the  metallic  chlorides  with 
formation  of  acid  salts,  whilst  acetates,  with  the  exception 
of  potassium  and  ammonium  acetates,  are  decomposed  by  it 
with  formation  of  the  nonnal  salts  A  characteristic  reaction  of 
tiiis  acid  and  its  salts  is  the  property  wliich  they  posses  of 
colouring  ferric  chloride  a  splendid  green,  which  on  heating  is 
coDverted  into  a  red,  and  is  destroyed  by  alkalis  or  strong  acids. 
The  decompositions  of  hydurilic  acid  which  have  been  described 
^  the  preceding  pages  render  it  probable  that  it  possesses  the 
WlmviDg  constitution : 

HN— CO  CO— CH, 

do      CH— N        "bo 
ror— CO       CO— NH 

^74  Purpuric  Acid,  CgH^N^Og.     Prout,  in  his  investigation  on 

^^    •*  pathology  of  urine,"  examined  the  purple-red  substance 

^^t^incd  by   evaporating   uric  acid   with   nitric   add,   and   he 

^*^tid  that,   when  the  solution   is   neutralized    with  ammonia 

f^^i    slowly  evaporated,  a  grnmihir,  dark-red,  crystalline  mass 

^    ottained,  reflecting  light  with  a  purple  colour.     To  this  he 

^^^^  the  name  of  purpurate  of  ammonia,  and  he  prepared  other 

'^^^^Tiurates   by  double  decomposition  with  metallic  salts.     By 

^^     action   of  an    acid    he   obtained    from    these  a  colourless 

j5**=tipound   which    he   considered    to  be    free    purpuric    acid,^ 


^fcder  and  Liebig  then  showed  that  this  body,  which   they 

^"'^tied  murexan,  is  not  the  only  product  of  the  decouipusition, 

^*i    that  it  does  not  give  any  dark  red  salts  with  bases.     They 

-*^^idered,  therefore,  that  purpurate  of  ammonia  is  an  amide 

t^^'^^'iiig  a  complicated  composition,  and  they  tenned  it  mnrcayidc 

^^'^^^^ii  murcx,    the  shell   from  w^hich  the  purple-tyrian  dye  is 

^?^^i    to  have  been  obtained).^     Soon  afterward  a  memoir  by 

^^"^^atsche  appeared,  in  which  he  defended   Front's   view,  and 

^^^'"^  the  results  of  a  more  complete  investigation  of  the  pur- 

^^^■^"^^tes,  proposing  for  murexide   or  purpurate  of  ammonia  a 

^       ^ktZ  Tranx,  1819,  420. 
Aoi.   ^c*^"^-  Chem^  Pfutmu  yivi  319.    See  also  Schtmck  "On  the  Porpl©  of  the 
^^^cntjj**  Chcm,  Soe*  Joum.  xxjtv.  689. 


get  one-  .      ^aa  tuen        ,vvgao  contnyw'^         _,-«li 


af 


^^^^^^''t      t  vie^  that  ^u-ide  !«  the 'J^, 

alloxan  au  ^^  TPr^xan  <*»t>UBing  *,  "T  ^^ler.  ftW 

o^'l'^ '        ^  K  n  +  HgO  =  c^Hsi'.o,  +  »^ 


4 


O'.  -°f  :ir  axe  WM  '■*  '  ^^  ^   ^ 

.Uch  P««««^Sie  rose-^elle  and  olb.r 
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light  they  appear  of  a  gamet-red  colour,  and  when  pulverized 
ykld  a  red  powder  which,  when  rubbed,  exhibits  a  bright  green 
metaliic  reflection.  It  dissoh^es  with  difficulty  in  cold,  but  more 
easily  in  hot,  water,  yielding  a  purple-red  coloured  solutioOj 
and  is  insoluble  in  alcohol  and  ether. 

About  twenty-five  years  ago  murexide  was  used  in  dyeing 
and  calico- printing  works  in  such  quantity  that  the  factory 
of  Mr.  Rumney  in  Manchester  turned  out  12  cwfc.  per  week,  for 
irhich  quantity  twelve  tons  uf  guano  was  required.  The  manu- 
fcfccture  of  murexide  was,  however,  only  a  shortlived  one,  inas- 
much as  it  was  soon  supplanted  by  the  cheaper  and  equally 
brilliant  coal-tar  colours. 

^dd  Potassium  Furpurate,  C^^H^NgO^K,  is  obtained  by  de- 
coniposing  murexide  with  nitre,  or  by  exposing  a  solution  of 
diiJuramide  in  cold  caustic  potash  to  the  air.  It  is  very 
sixniJar  to  murexide.  Its  solution,  as  well  as  that  of  murexide, 
is  coloured  deep  blue  by  caustic  potash,  and  alcohol  precipitates 
*  thick  blue  liquid  which  is  probably  the  normal  salt. 

Acid  Silver  Furpurate,  2C,H^N,O^Ag  +  Slip.  On  adding 
fiilver  nitrate  to  a  solution  of  murexide  aciditied  with  nitric 
id,  this  salt  is  thrown  down  as  a  light  purple-red  powder, 
he  normal  salt,  C'^Hj^N^O^Agg,  which  was  obtained  accidentally 
y  Eeilst^in  by  precipitating  a  cold  saturated  solution  of 
tiuxexide  w^ith  a  neutral  solution  of  silver  nitrate,  is  a  fine 
>roiwnush-red  powder. 
Tbe  calcium  and  barium  salts  are  dark-green  crystalline  pre- 
pit.ates,  dissolving  but  slightly  in  water,  and  yielding  a  puq^le- 
louied  solution.  Lead  acetate  gives  a  red  precipitate  with 
cxide  solution,  and  corrosive  sublimate  a  blood-red,  and 
parous  nitrate  a  violet  precipitate.  These  reactions  were 
tised  in  calico-printing  to  fix  the  murexide  colour,  and  the  violet 
ttnta  Were  obtained  by  fixing  the  colour  on  the  cloth  with 
corrosive  sublimate  in  a  bath  which  contiint^d  oxalic  acid  and 
®<^iura  acetate,  when  a  reduction  occurred  (Beilstein). 


ip 


PARABANIC    GROUP, 
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*     ^S    Parabanic   Acid,  or  Oxalyl   Urm,  C^H^NgO^ 
^^l^ed  by  Liebig  and  Wohler,  by  acting  with  tolerably  con- 
—      *^ted  hot  nitric  acid  on  uric  acid.^    It  is  also  formed  when 

^  AHfL  Cfuan.  Pharm.  xxyi,  285. 


316 


THE  UBIC  ACID  GROUP. 


1 


uric  acid  is  warmed  with  hydrochloric  acid  and  potassium  cUorak/ 
or  boiled  with  maBgaoese  dioxide  and  dilute  sulphuric  add* 

Panibaiijc  acid  is  likewise  produced  when  brotnme  and  Hfttia 
act  upun  uric  acid ;  *  the  acid  in  all  these  cases  being  an 
oxidation-product  of  alloxan,  which  is  first  formed.     It  ma?  be 
synthetically  produced  by  the  action  of  phosphorue  oxychlrtricie 
on  a  mixture  of  ojtaUc  a«id  and  urea  :  * 


CO.OH 


CO.OH 


CO— NH 
CO— NH 


+    2H,0. 


In  order  to  prepare  it,  1  part  of  uric  acid  is  added,  in  smaJ-* 
portions  at  a  time,  to  3  parts  of  nitric  acid  of  specific  gravity  V$-^^ 
heated  to  7\f,  The  solution  is  first  concentrated  over  the  hni^r^* 
and  then  evaporated  to  dryness  on  the  wal^r-bath,  and  the  readw 
is  reciystaUized  from  water**  It  is  also  easily  obtained  ^ 
pouring  a  small  quantity  of  water  on  to  uric  acid  and  adding  a^*^* 
excess  of  bromine.**  It  crystallizes  in  flat,  transparent,  mt>ui^" 
clinic  prisms  or  needles  (see  Fig.  117),  which  dissolve  at  H'  ^^^^^ 
21*2  parts  of  water,  and  have  a  strongly  acid  taste. 

Wlicn  one  part  of  pure  uric  acid  is  slowly  added  to  8  poits  *^^^ 
nitric  acid  heated  to  60"*,  the  tenij>eratare  kept  at  35** — 55^  sJ^*^ 
at  last  the  hquid  heated  to  70"",  large  crystals,  having  the  ooC*^"" 
position  C^H^NgO^+H^O,  separate  out  on  wamung  the  solutio**' 

These  dissolve  at  S**  in  7*4  parts  of  water,  and  between  150*^ ' 

100**  lose  their  water  of  crystallization  and  then  crystallize  fn:^  ^^^ 
solution  in  water  in  the  anliydrous  condition.  This  bydE^-"^^ 
probably  poeseases  the  following  constitution :  ^ 

CO NH 

I         z^^- 

C(OH),-NH 

Parabanic  acid  is  dibsLsic,  althiiugh  it  has  a  tendency  to  for  ""m 
acid  salts.  Those  of  the  alkali-metals  are  very  unstable,  ^m^tad 
are  easily  converted  into  the  salts  of  oxaluric  acid  (p.  31D)»  T  Jie 
normal  silver  salt,  having  the  composition  CjjAggNjOj+H^^O, 

>  Oerharilt  and  Laurent,  Ann.  Chim.  FhyM*  [31  xxiv.  175. 
»  Wlii-ejer,  ZtUach.  Chem.  1866.  74e. 

•  Hardy.  Jahresb.  1864,  631, 

*  Ponoiimrf  w,  BulL  Soc,  OUm.  xiiii  P7. 

*  M«iii*Lbutkiii,  Ann.  Chem.  Ph^mu  clijdi.  74» 

•  Mftffiiior,  Bull.  *Vw.  Ckim,  xxn.  fi6. 
'  Tolleafl  ami  ^Vagllc^,  Ann.  Chcm.  Pharm.  ckvi*  321 ;  Tolknft,  ih,  ^LoT*      '^-' 
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A  Teiy  cliaracteristic,  being  obtained  as  a  crystalline  precipitate 
ij  adding  silver  nitrate  to  a  solution  of  the  acid. 

OsoBlylrdiurMe,  Cfi^fi^  is  a  slightly  soluble  powder,  ob- 
tiiaed  by  heating  parabanic  acid  with  urea.  Hence  it  possesses 
the  following  constitution  :  ^ 


CO— NH, 


A 


CO.NHj 
0— NH— CO— NH. 


fit> 


7  Mdhyl-parahanic  Acid,  C8H(CHjj)N'203,  was  first  obtained 
creatinine,  which  is  converted  by  nitrous  acid  into  the  base 


Fio.  117. 


O^HgN^O, ;  and  this,  when  heated  with  hydrochloric  acid,  de- 
Oompoees  into  ammonia  and  methyl-parabanic  acid.^  This  latter 
Compound  is  also  formed  by  the  oxidation  of  methyl-uric  acid 
>rith  nitric  acid.*  It  crystallizes  from  hot  water  in  glistening 
i^eedles  or  prisms,  which  melt  at  149*''5,  and  its  solution  had  a 
feeble  add  reaction.  Alkali  decomposes  it  into  oxalic  acid  and 
methyl-urea. 

'  Crimaoz,  Bull.  Soe.  Chim.  zxxii.  120. 

*  Denaignes,  Ann,  Chem.  Pharm,  xcviL  342 ;  Strecker,  ib,  czTiii.  164  ;  Marcker, 
€&  czxziii.  815. 

>  UiU,  Ber.  XfeiUteh,  Cham.  Oes,  ix.  1093. 
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Methyl'thioparahariic  Acid,  CjjH(CHjj)N30i.  If  cyanog 
gas  be  passed  into  an  alcoholic  solution  of  n>ethvl-thio-ureas 
crystalline  compound  is  formed,  which,  on  evaporation, 
into  the  above  compound,  the  following  reaction  occurring 


/N(CH3)H     CN 

(1)  CS 

\NH, 

/N(CHJ— C  — NH 

(2)  CS 

\NH— C— NH 


XN(CH^— C3NH 
+  I      -  CS  I 

CN  \NH- CziNH. 


/N(CH,).0' 
+  2H„0  4  2HC1  =  CS  J 

— [ — cio 


\NH- 


4  2NH,Cl 


Methyl-thioparabanic  acid  crystallizes  in  very  thin,  bright 
green  scales,  which  melt  at  105^  and  possess  an  acid  reaction 
When  its  af[ueous  solution  is  heated  with  silver  nitrate,  it 
converted  into  methyl-parabanic  acid.^ 

678  IXmilhi/l-parabanic  Acid,  CjjCCHgjgN^Oj,  was  obtained  bj 
Stenhouse  by  boiling  cafifeine  with  nitric  acid,  and  was  descri 
by  him  as  nUro-thMne^    Bochleder  afterwards  prepared  it  by  th' 
action  of  chloiiue  and   water  on   caffeine,  and   he  termed  i 
chokstrophune ;  ^  and  Strecker  obtained  it  by  heating  methy' 
iodide  with  silver  parabanate.*     It  is  best  prepared  by  oxidizi 
caffeine  with  chromic  acid  solution.^    It  crystallizes  in  jjearlj 
lamim©,  winch  are  difficultly  soluble  in  cold  Mater  and  alcohol, 
and  melt  at  1 45'''5  and  boil  at  275''— 277^*    It  is  easily  decom- 
posed by  alkalis  into  dimethyl-urea  and  oxalic  acid,  and  when_ 
heated    with    hydrochloric   acid   to    200**  it  decomposes   into 
methy lamine,  carbon  dioxide,  and  oxalic  acidJ 

Dimcthijl'thwjiarahaiiw  Acid,  C,^{CH.^^^S02y  is  obtjuned 
from  dimethyl-tbio-urea  in  a  similar  manner  to  the  monomethyl 
compound.  It  crystallizes  in  six-sided  scales,  ha\4ng  a  colour 
like  that  of  yellow  chromate  of  potash.  These  melt  at  112*'5, 
are  slightly  soluble  in  cold,  but  dissolve  more  readily  in  hot, 
water,  and  have  a  neutral  reaction.  When  heated  with  silver 
nitrate,  the  solution  is  converted  into  dimethyl -parabanic  acid 

Reactions  for  the  Parabanic  Amis,  All  these  acids  can  be 
recognized  by  the  following  reaction.    To  the  aqueous  solution 

*  Andreasoli,  Btr,  tkuLncK  Chtm,  0(9*  liv.  1447. 

*  Chem,  Soc.  Afrm,  I  216,  237,  *  Ann.  Chan,  Pharm*  lxxiH«  6T. 

*  Ik  cxviii.  174.  •  Maly  and  Hint^^regger,  MtmaUt  €h$m,  iL  Si^ 

*  Menschutkin,  Anf^  Cherru  Pharni.  clxxviil  202. 
'  C&Uiiii,  £er,  DcuiicK  Vh/tnu  Gen,  xiu  624. 
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Llcium    chloride    and    ammonia    are   added    and   the   liquid 
rarmed,  when  calcium  oxalate  separates  out  (Andreasch). 

Oxalaniin,  C^H^N^Og  +  B^fi,  was  first  prepared  by  Schlieper, 
in  small  quantities  together  with  allanturic  acid  by  boiling 
alloxantic  acid  for  some  time  with  water,  and  was  termed  by 
him  leucoturic  acid.^  Its  zinc  salt  ia  formed  by  treating  para- 
ban  ic  acid  with  zinc  and  hydrochloric  acid  in  the  cold ;  ^  it  is 
difficultly  soluble,  and  is  easily  decomposed  by  sulpliuretted 
hydxogen.  Oxalantin  thus  obtained  forms  a  hard  crystalline 
cnxBt  difficultly  soluble  in  water^  and  has  a  faint  acid  reaction. 
Boiling  nitric  acid  is  without  a^Hion  upon  this  body ;  it  reduces 
metallic  silver  from  an  ammoniacal  silver  solution,  whilst  alkalis 
decompose  it  easily  into  ammonia  and  oxaluric  acid. 

679  Oxaluric  Acid,  C^H^NX*^>  is  easily  formed  when  parabanic 
acid  is  heated  to  boiling  with  aqueous  ammonia  (Liebig  and 
WoUer).     On  cooling,  ammonium   oxalurate  separates  out  in 
glistening,  silky  needles.     This  salt  is  also  found  in  small  quan- 
tities in  human  imne.^     When  dissolved  in  a  small  quantity 
of    Warm  water,  and  hydrochloric  acid  added,  and  the  whole 
<jOickly   cooled,   oxaluric  acid   separates  out   as  a  crystalline 
Powder,  which  is  very  difficultly  soluble  in  cold  water,  and  has 
***    acid  taste.     When  a  solution    of  alloxan  is  treated   with 
^y<irocyanic  acid,  and  potassium  carbonate  added,  oxaluric  acid, 
^*8«ther  with  dialuric  acid  and  carbon  dioxide,  is  formed.*     If 
,  ^^hu^ic  acid  be  boiled  for  some  time  with  water,  it  is  converted 
^ft    ^^-^  the  acid  oxalate  of  urea,  whence  its  name  ; 


CO.OH        NHj 
CO— NH— CO 


H,0    = 


CO.OH        NH, 
CO.O.NH,— CO. 


^: 


hen   heated  with   phosphorus  oxychloride,  it  is  reconverted 
^to  parabanic  acid,^     It  is  monobasic,  and  its  safta  have  been 
^^re  fully  examined  by  Waage.® 

Ethyl  OxcdnraU,  C^HgNaO^CC^HJ,  was  obtained  by  Henry 
y  acting  with  ethyl  oxalyl  chloride  on  urea,^  Grimaux 
^^tained  it  from  silver  oxalurate  and  ethyl  iodide.®  It  is  almost 
^  "Insoluble  in  cold  water,  and  crystallizes  from  warm  water  in 


^  Ann.  Chmt.  Pkarm,  IvL  3. 

•  Schnnck,  Prut,  Ray,  Stje.  iv.  258. 

•  Strecker,  Ann^  Chem^  Phar;n.  cxiii.  fi3. 
»  Grimaax,  Ann,  Chim,  Fhya,  [5],  li.  3C7. 

•  Ann.  Chtm.  Ph-arm^  crviii,  301. 


3  limprichl,  ib.  cxL  134. 


*  £uU.  Soc.  Ckim,  xxi*  157* 
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thin,  silky  needles.  If  a  few  drops  of  ammonia  be  added  to 
the  hot  solution,  and  then  silver  nitrate  added,  a  precipitate  of 
silver  parabanate  is  formed,^ 

Oxaluramide^  or  Oxalan,  CjHjNgOg,  is  formed,  together  ^* 
carbon  dioxide  and  dialuric  acid,  when  a  solution  of  alloxan  ^ 
treated  with  hydrocyanic  acid  and  ammonia  :  * 


fCO— NH\ 


t 


col    +    NH, 


iCO— NH/ 


H,0    = 


CO NH 

I  I 

CH.OHCO    + 

I 
CO- 


.k 


H 


CO.NH,      NH. 


i 


4     CO, 


0— NH— CO 


This  reaction  corresponds  to  the  formation  of  dialuric  a^^'^^ 
from  alloxan.  In  buth  cases  the  hydrocyanic  acid  rema:^^^^ 
unchanged. 

Oxaluramide  is  also  formed  when  urea  is  fused  with  etfc^r 
oxamate  (p.  120},*  or  when  ethyl  oxalurate  is  heated  wi  ~^^ 
alcoholic  ammonia  (Salomon),  It  is  a  crystalline  powder  whi^^^^ 
is  insoluble  in  cold  water  and  when  boiled  with  water  it  ^ 

converted  into  ammonium  oxalurate.  It  dissolves  in  conce^^*^* 
trated  sidphuric  acid  ^vithout  change,  and  is  again  precipitate^^^ 
from  solution  by  water. 


68o  The  following  compounds,  though  not  derivatives  of  uri»^ 
acid,  may  be  conveniently  described  here. 

3Icihi/l  Suecini/l   Urea,  C^H^N^Og,      Methyl  carbimide  com—  ^^^^ 
bines  violently  with  succinimide  to  form  this  compound ; 

/CO.CHa  /N(CH,>-^0— CH, 

CO^N(CHj)    +    HN        I         -    CO  I 

\CO.CHa  \NH CO— CH^ 

It  forms  rhombic  tablets  which  melt  at  147° — 148**,  and  are 
slightly  soluble  in  coltl  water  and  alcohol. 

The  corresponding  ethyl  compound  is  a  similar  body  melting 
at  94** — 95°,  easily  soluble  in  water  and  alcohol,  and  decr>mposiiig» 
when  heated  from  150* — lOO"*  again  into  ethyl  carbimide  and 
succinimide.* 

*  Salomon,  Btr,  Di^ttjtch.  CJiem.  Get.  ix.  874, 

*  S^fhiflchkow  and  Uocsing,  Ann.  Chem,  Phartn.  CTi.255  ;  Stitfcker,  ib,  ciiii  IS. 
"  Cftrhtaiijeu,  Juurn.  PmkL  Ch^nn.  [2],  ii.  143. 

*  Meim^lmtkin,  Ann.  Vhem.  Ffiarm.  clxxvm.  204. 
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Sucmnnrie  Acid,  C^HgNgO^,  is  formed  by  heating  urea  with 
succinic  anhydride : 


CH^CO 

> 

Hj.CO 


1 


CHj.CO NH 


\ 


CO. 


CHj.CO.OH  NHj. 


It  is  a  moDobasic  acid,  ainaost  insoluble  in  cold  water,  and 
WjPilwIliiiiH;  from  hot  water  in  scales.' 

Suedni/l  Dimrbamid,;  C^H/CO.NH.CO.NH^),,  is  obtained 
by  beating  two  molecules  of  urea  with  ratlier  more  than  one 
uiulecale  of  euccinyl  chloride.  It  is  a  powder,  difficultly  solnble 
in  hot  water  and  almost  insoluble  in  alcohol.' 

Amidotueeinwrie  Ami,  C^H^NjO^,  is  formed  by  evaporating  a 
solution  of  aspara^Q  and  potassium  cyanate  and  treating  the 
cetidae  with  hydrochloric  acid : 


COJiH, 
CH, 


OO.NH, 


i 


m.NH, 

\ 
CO.OH 


+    HCON    = 


CH, 

CH, 
\ 


NH.CO.NH, 


CO.OH 


is   almost   insoluble  in  alcohol,  and  crystallizes  from  water 
in  hard  prisma.' 

Malyl  Urnde,  CjHyNjOg,  is  formed  by  heating  aspara^iii  with 
urea  to  l^a" — 130°.  It  crystallizes  from  hot  water  in  oblique 
rhumbohedrons.*    Its  constitution  is  probably  : 


CO.NH 


\ 


I  >CH.CH..CO,NH,. 

NH.CO/ 


When  thb  body  or  amidosuccinuric  acid  is  boiled  •vs'ith  hydro- 
chloric add,  malyl  ureldic  add,  C^H^NjO^,  is  formed.  This  is 
also  formed  by  heating  aspartic  acid  with  urea.^  It  is  easily 
soluble  in  water,  and  crystallizes  in  prisms. 

>  Pike,  Ber,  Deutteh.  Chem.  Gtt.  n.  1101. 
'  Conrad,  Joum.  Prald.  Chrm.  ['2],  ix.  301. 

•  Onar«»i-lu,  Ser.  ItrulKk.  Chem.  GfJ.  i.  1747. 

•  (•rinuuuc,  Ann.  Chim.  Phys.  [5],  xi.  400. 

•  Giutcachi,  Ber.  Deuttek.  Chem.  Ota.  ix.  1435. 
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ALLANTOiN   GROUP. 

68i  AUarUoin,  C^H^N^Oj,.  This  compound  was  discovered  by 
Vauqueliu  and  Buniva  in  the  amniotic  liquid  of  the  cow,  and 
termed  by  them  amniotic  acid.*  Neither  Dzondi  nor  Prout 
could  obtain  it,  and  then  Lasaaigne  showed  that  it  is  containetl 
not  in  the  amniotic,  but  in  the  allantoic,  liquid,  which  latter 
fluid  was  mixed  with  the  amniotic  fluid  examined  by  the  first- 
named  chemists,  and  he  termed  the  body  acidc  atlafUmqw.} 
It  was  first  artificially  prepared  and  carefully  investigated  by 
Liebig  and  Wohler,  and,  as  Gmelin  had  already  shown  that  the 
substance  obtained  from  the  allantoic  liquid  does  not  act  as  an 
acid,  the  name  which  it  now  bears  was  given  to  it* 

Wiililer  afterwards  noticed  the  existence  of  the  same  substance 
in  the  urine  of  the  sucking  calf,*  and  it  also  occurs  in  the  urine 
of  dogs  kept  on  a  fatty  diet®  or  after  adniimstration  of  uiic 
acid,*  It  is  likewise  fouod  in  urine  in  some  cases  of  disease  of 
the  respiratory  organs  ;  "*  it  occurs  also  after  doses  of  tannic  acid 
have  been  given,  and  it  exists  not  unfrequently  in  the  normal 
fluid.®  It  has  also  been  noticed  in  the  urine  of  the  new-born 
child,  and  in  smaU  quantities  in  the  case  of  childbirth* 

Schulze  and  Barbieri  have  also  found  allantom  in  the  young 
leaves  of  the  plane-tree  {Platanus  onentalis),^ 

Allantoin  is  formed  artificially  not  only  by  oxidizing  uric  add 
with  lead  dioxide,  but  also  by  acting  on  the  same  substance 
with  (1)  manganese  dioxide,^**  (2)  alcoholic  solution  of  potassium 
ierricyanide,*^  (3)  permanganate  solution/^  aiid  (4)  ozone :  *' 

It  is  also  obtained  by  the  action  of  nitrous  acid  on  dialuric 


•  j4nn.  Chitn,  xxxiii.  2<?9.  *  Ann.  Chim,  Phyt,  xvii.  8<^L 

•  Ann,  Ch€tfL  Pfmrtn.  xiW   244*  *  lb.  lii.  229. 

•  MeiMner  and  Jolly,  Zeitach.  Chcm,  1865.  230. 

•  Sulkowaki,  Bcr.  IkutMh.  Chtfti.  GeJi,  \x.  721. 
'  Frencbs  and  StaJ^ler,  Jahresh.  1854,  714. 

•  Rftlkowski,  Ber.  Dfrutsfh.  Cheni.  Gtn.  3cl  600, 
»  Jo\tm,  Praki.  Chan.  [21,  xrv,  145, 

'<>  W^heeler.  ZeiUch,  Chem.  18(J6.  746, 

'*  Schlieper,  Aatt.  Chcm.  Pharm.  Ixvil  21  &» 

"  Neabiint?r,  ib.  xcix.  217  ;  Claus.  Her,  IfeutMh,  Cficm,  G€9.  rii.  227, 

"  Gorap-Bcuani'x,  Ann.  Ch^tu  Pharm.  ex,  94* 
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3/  and  may  be  prepared  9}*iithetically  by  heatiDg  1  part  of 
Dxylic  acid  with  2  parts  of  ure^  for  10  hours ;  * 


CH(OH)^ 


JO.OH 


NH^  HN— CH— NH 

2^0        -    CO       I  CO 

HN— CO    NHj 


NHj 


4-    3H,0. 


AJlantom  crystaHizes  in  monoclinic  prisms,  which,  seen  under 
f  microscope,  exhibit  the  appearance  shown  in  Fig,  118»  These 
Btala  are  difficultly  soluble  in  cold  water,  but  dissolve  more 
ii!y  in  hot  water  and  in  alcohol.  It  has  a  neutral  reaction, 
tbines    with    metallic    oxides,^  and    yields    with    mercuric 


Fio.  113, 


rate  a  white  insoluble  precipitate  similar  to  that  obtained 
th  urea.  On  this  acccunt  Liebig's  metho<i  for  the  determina- 
n  af  urea  cannot  be  employed  in  presence  of  al  Ian  torn. 
When  allantoin  is  heated  with  concentrated  hydriodic  acid,  it 
imposes  into  urea  and  glycolyl  urea  (p.  96).* 
Allantoic  Add,  C^HgN^O^^  is  formed  as  a  difficultly  soluble  crys- 
line  powder  when  a  solution  of  allantoin  in  caustic  potash 
aIUwp^   to  stand    for   some   days.      This  is  a  monobasic 


^V  Qjim 
^^^  limi 


Iblw,  ^firt,  Chem.  Pharm.  SappI  vii.  337. 
Grimaiu,  Ann.  Chim.  Phifs^  [h],  %L  389. 
Limpiitht,  Ann^  Chem,  Pharm.  IjtxxTiii.  91. 
<  Schhepcf,  Ann.  Chem.  Pharm,  btvii.  231 ;  Mnldcr,  ib.  clix.  863* 
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acid,  forming  crystalline  salts.^      When  heated  with  water 
decomposes  into  urea  and  allanturic  acid  (Ponomarew) ; 


HN— CH- 


/o 


O 
\ 


NH 
\ 
CO 
/ 


HjN   CO.OHNH, 


HN— CH 

/       \ 

CO       O 

\       / 

HgN    CO 


NHj 
/ 


AUamiuric  Add,  C^H^N^O^,  This  was  first  obtained  by 
Pelouze  by  oxidizing  uric  acid  and  allantoin.^  A  simili 
body  was  afterwanls  obtained  by  Scblicpor  afs  a  by-product 
the  preparation  of  aOantoin,  and  to  thia  he  gave  the  name  o1 
lanianuric  acid,  and  on  boiling  alloxanic  acid  with  water  he^ 
noticed  that,  together  with  other  proilucts,  a  deliquescent  add 
is  formed  which  he  described  as  diffliian.*  Acconling  to  Baeyer 
theBe  bodies  ate<  identical,  and  must  be  regarded  as  anhydrides 
of  urea  and  gljOTjdic  acid>  The  fonnation  of  allanturic  a^id 
from  allantoic  acid  shows  that  the  former  substance  is  the  anhy- 
dride of  carbanune-diglyoiylic  acid,  a  substanoe  which  does  not 
appear  to  exist  in  the  free  state. 

Allanturic  acid  is  a  gum-like  deliquescent  mass,  which  when 
boiled  with  caustic  potash  decomposes  into  ammonia,  carbon 
dioxide,  acetic  acid,  and  oxalic  acid,  or  the  products  of  decom- 
position of  uric  acid  or  glyoxylic  acid.^ 

Gly&^l-Urea^  CgH^NgOj.  This  compound  is  isomeric  witi 
allanturic  acid,.and  is  formed  by  the  decompeaition  of  oxonic 
acid  (p.  297)*  It  crystallizes  from  hot  water  in  thick  needles, 
and  is  a  raonnbaaic  acid,*  probably  possessing  the  following 
constitution ; 


dT- 


\NH.CO.CHO. 

Oli/co-uril^  C^HyNiO^,  is  formed  by  the  action  of  sodium 
amalgam  on  a  hot  solution  of  allantoic  It  crystallizes  in 
small  octohedrona  or  pointed  needles,  which  are  difficultly 
soluble  in  water.^  On  boiling  with  dilute  sulphuric  acid  it 
decomposes  into  urea  aad  glycolyl  urea.® 

^  Ponmnarew,  Ber.  DnifJtch.  Chcm,  Gea,  xi.  2155. 

»  Gerhtirdt,  Trr^iU.  Chim.  Org.  i,  628. 

»  Ann,  Chfm.  Pharm,  Ivi.  1.  *  Nm,  EomOrtmeh*  L  SM. 

*  Medirua,  Bet,  IkuUch,  Chem^  GfJi,  x,  544. 

*  ^Lcdicnft«  Ann,  Chcm.  Phnrm^  cbcxv*  %t^ 
^  Rheineck.  ib.  cxxxiv.  210. 

*  B«M?yer,  ib.  czxrvi.  27<J. 
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Pirmvil^  C^H^N^O^,  is  isomeric  with  methyl-aUaDtH>iii,  and  is 
aed  when  pyroracemic  acid  is  heated  with  urea.     It  crystal- 
from  hot  water  in  rhombic  tables,  and  when  boiled  with 
concentrated   hydrochloric  acid   it  is  converted  into  pyrvmn- 
«.C,H«N,0,: 


HN    ( 

CO 

H^-< 

:(CHJ-NH 
\ 
CO    = 

3            NH, 

N3C(CHj) 
=    CO                    + 
HN    CO 

NH, 
CO 
NH. 

Pymvil  is  a  crjstaUino  powder  somewhat  soluble  in  boiling 
water.  Nitric  acid  converts  it  into  nitro-piiT%vinurfide, 
C4H,(N0])N2Oj,  a  body  cr^rstallizing  firom  hot  water  in  glistening 
yellow  scales,  and  dissolving  in  alkalis  with  a  yellow  colour. 
This  latter  is  a  dibasic  acid,  and  is  decomposed  by  boiling  with 
bromine  water  into  paiabanic  acid  and  brompicrb  :  ^ 


NwC-CHjCNO^ 

CO    I 
\ 

HN— CO 


HN— CO 


+    3Br,    +    HjO 
CBr,NO,    +     3HBr. 


=   ^c 


o 

HN— GO 


XANTHINE,  C,H,N,0,, 
SARCINE,  C,H,N,0. 
GUANINE,  CgH^N^O. 

683  These  three  basic  compounds,  which  occur  in  the  animal 
organism,  stand  in  close  relation  to  uric  acid.  The  two  first  are 
formed  from  this  acid  by  t!ie  action  of  sodium  amalgam  and 
water,*  and  guanine  is  xanthine  in  which  one  atom  of  oxygen  is 
replaced  by  the  imido-group  NH,  and  therefore  it  is  converted 
into  this  latter  body  by  the  action  of  nitrous  acid. 

Xanthine,  Cj-H^N^Og,  was  discovered  by  Marcet  in  1819  as 
forming  the  chief  constituent  of  certain  rare  forms  of  urinary 
calculus,  and  termed  by  him  xanthic  oxide,  because  on  evapo- 
ration  with  nitric  acid  a  yellow  residue  is  left  (favft??,  yellow). 

*  OTimAnx,  Ann.  Chim.  PAy*.  [5],  3d.  373, 
"^  Hhi^jnifck,  Ann.  Vhetfi.  Pftar^tu  cxzxi  121, 
^  Mm^l/  m  (fie  Che^nutil  Ektory  and  Medical  TrmlmtM  ttf  Calculom  Diseases. 
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Its   composition   was  first  determined  by  Liebig  and  WohlerJ 
who  studied  the  properties  of  the  body  more  exactly^^  whilst' 
Gmelin  gave  it  the  name  it  now  bears,-     It  is  also  always  found 
in  small  quantity  in  urine,  and  during  the  use  of  sulphur  baths 
it  appears  in  larger  quantity.'     It  also  occurs  in  yeast,  freqtientlj 
in  guano,*  and  it  is  a  normal  constituent  of  the  animal  bodyJ 
Thus,  it  has  been  found  in  muscular  fibre  and  in  the  liverj 
pancreas,  and  spleen,  and  in  the  brain.^ 

It  is  obtained  artificially  from  guanme  by  treating  this  bodj 
with  nitrous  acid,  when  a  nitro-compound  is  formed  at  the  samfl 
time,  and  this,  on  reduction  with  ferrous  sulphate  and  ammonia 
yields  xanthine.*'     In  order  to  prepare  it,  potassium  nitrate  ii 
added  to   a  boiling  nitric  acid  solution  of  guanine  until  red 
nitrous   vapours  are   evolved  in  considerable  quantity,  when 
the  solution  is  diluted  with  a  large  quantity  of  water ;   the^ 
yellow  precipitate  thus  formed  is  washed  and  dissolved  in  boilii 
ammonia,  a  solution  of  ferrous  sulphate  being  then  added  unti 
black  hydroxide  of  iron  is  precipitated.     The  filtered  solution  : 
next  evaporated,  and  the  residue  washed  with  water  to  remove 
ammonium  sulphate.     It  is  then  again  dissolved  in  ammonia^ 
and  the  solution  allowed  to  evaporate. 

Xanthine   is  a  granular  white  powder,  consisting  of  micro- 
scopic crystals  which  when  pressed  possess  a  waxy  lustre.     It  ia^ 
deposited  from  aqueous  solution  on  evaporation  as  a  skin  or  ij^ 
scales.     It  is  very  difficultly  soluble  in  cold,  but  more  readily 
sohible  in  boiling  water.     The  determinations  of  its  s«>lubilit;j 
vary  considerably.    According  to  AlmtJn,  it  requires  from  1330 1 
1498  parts  of  boiling  water  and  about  14,000  parts  of  cold  watd 
for  solution^     It  is  insoluble  in  alcohol,  dissolves  in  ammotj 
more  readily  than  does  uric  acid,  and  is  still  more  readily  sol ubld 
in  caustic  potash.    Acids,  even  carbon  dioxide,  precipitate  it  fron 
this  solution.     When  xanthine  is  heated  a  small  portion  sul 
limes ;  the  larger  portion,  however,  carbonizes  with  fomiatioij 
of  ammonium  carbonate,  cyanogen,  and  hydrocyanic  acid. 

Xanthine  acts  at  the  same  time  as  a  weak  acid  and  a  weal 
base.  It  dissolves  in  warm  ammonia,  and  on  cooling  fine  stellated 
needles  of  the  ammonium  compound  separate  out,  but  the  solutiou 
when  evaporated  loses  the  whole  of  its  ammonia.    Xanthine 


*  -Po^,  Ann.  xIL  893. 

*  DiiiT,  ytnn,  Chem.  Pharm^  cxxxiv.  45, 

*  Strccker,  tft»  cxviii.  lf*2  ;  PhipAon,  CJiein,  Kewtp  Vi*  16* 

*  Si'hffvr,  Jnn*  Chcm.  Pharm,  cxii.  257. 


>  ffandh.  Org,  Cham,  iL  014, 


4  £lj4jcktr,  jY>.  cvilL  141,  cxviiL  166, 


'  JaMrtti^.  \m%  531, 


^^SSBBL^BCSai 


8ABC1NE. 
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separated  out  by  acetic  acid  i^  more  easily  soluble  tlian  tliat 
obUuned  by  evaporation  (Strecker,  Scherer).  When  xanthine 
ii  boiled  with  baryta-water,  the  diflBcultly  soluble  compound 
C^H^lS\02Ba(0H)^  separates  out. 

J[antkinc  Sulphate,  C^H^N^Oj^SO^H^+H^O,  crystallizes  in 
microscopic,  glist>ening,  rhombic  tables,  wliicli  when  washed 
with  water  lose  the  whole  of  their  acid  Jianthine  kydrocJdoraU, 
CgH^N^O^^HCl,  ia  difficultly  soluble  in  water,  and  is  deposited 
in  glistening  scales  aggregated  in  nodular  concretions.  The 
niirait  forms  fine  yellow  crystals. 

Wlien  xanthine  is  evaporated  i^^ith  nitric  acid,  and  caustic 
potash  abided  to  the  yellow  residue,  this  becomea  of  a 
yellowish-red  colour,  which  on  warming  turns  to  a  violet-red. 
If  a  small  quantity  of  xanthine  is  brought  on  to  a  watch-glass 
with  a  mixture  of  bleaching  powder  and  caustic  soda,  the  edges 
of  the  liquid  become  covered  with  a  dart-green  scum  which  soon 
becomes  brown  and  disappears.  The  soluble  salts  of  mercury 
precipitate  an  aqueous  solution  of  xanthine  even  when  greatly 
diluted. 

PscuiloxanlhiM,  C^H^N^O^,  is  formed,  together  with  glycocoU 
and  hydurilic  acid,  when  uric  acid  is  heated  with  sulphuric  acid 
to  a  temperature  of  110*^ — 130°.  It  is  a  white  powder,  slightly 
soluble  in  water,  but  easily  soluble  in  caustic  potash.  When 
it  13  evaporated  with  nitric  acid,  it  leaves  a  lemon-yellow  residue 
which  is  coloured  yellowish-red  by  caustic  alkalis.  With  nitric 
add  or  hydrochloric  acid  it  does  not  form  crystalliue  compounds, ' 

683  Sarcine,  C^H^N^O.  A  substance  resembling  xanthine 
was  discovered  by  Scherer  in  splenic  pulp  and  in  the  muscles 
of  the  heart,  and  to  this  he  gave  the  name  of  h}Tpoxanthine, 
as  it  contains  one  atom  of  oxygen  less  than  xanthine.  A  body 
termed  xanthoglobuline,  which  the  same  chemist  discovered  in 
the  liver  and  pancreas,  appeared  to  be  different  from  this  sub- 
stance, whilst  Strecker  found  a  compound  having  the  same 
composition  as  hypoxanthine  in  muscular  fibre,  and  as  it  did 
not  agree  in  its  properties  with  this  body  he  distinguished  it  as 
sarcine.  Scherer  then  showed  that  the  bodies  which  he  hail 
obtained  were  identical  with  this  latter,  and  that  the  differ- 
encea  which  were  noted  were  due  to  the  fact  that  they  were 
mixed  with  more  or  less  xanthine  or  guanine,* 

1  BchnltzeD  and  Filelme,  Bir.  Deut^h,  Chem.  Ou,  L  150. 
*  Schtsnr,  Ann.  Cktin^  Pharm*  UxliJ.  323    cviL  314,  cxiL  257 ;  Strecker,  ib, 
oU«  aoi,  cviii.  129. 
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Sarcine  almost  always  occurs  together  vith  zantLine,  and  ifi 
also  found  in  the  spinal  marrow,  and  in  the  blood  after  death. 
but  not  in  blood  when  flowing  through  the  blood*- veasela ;  it  does 
not  occur  in  urine. 

In  order  to  prepare  this  compound,  extnict  of  meat  is  dissolved 
in  fifteen  times  its  weight  of  water,  the  solution  precipitated  with 
acetate  of  lead,  the  filtrate  then  freed  from  lead  by  sulphuretted 
hydrogen,  and  evaporated  to  one-fourth  of  ita  original  yolnme. 
Ammonia  is  next  added  and  silver  nitrate,  the  precipitate 
washed  with  arnmoniacal  water,  and  dissolved  in  the  smallest 
possible  quantity  of  nitric  acid  of  specific  gravity  1*1.  On 
cooling,  sarcine-silver-nitrate  crystallizes  out,  tl>is  requiring 
5,000  parts  of  the  cold  acid  for  solution*  The  precipitate  is 
then  freed  from  nitric  acid  by  washing  with  arnmoniacal  silver 
solution,  the  residue  suspended  in  water  and  decomposed  by 
sulphuretted  hydrogen.  The  filtrate,  on  evaporation,  yields 
absolutely  pure  sarcine,  of  which  the  extract  of  meat  contaioB 
about  0*0  per  cent,  whUst  ox-muscle  contains  from  O'OIGI  to 
0  0277  per  cent.  The  filtrate  from  the  aarcine-silver-nitrate 
gives  on  addition  of  ammonia  a  precipitate  of  xantbine-silver- 
oxide,  and  hence  this  method  serves  for  the  quantitative  deter- 
mination of  sarcine  and  xanthine  in  meat  The  preparation  of 
creatine  niiiy  also  be  carried  out  in  the  same  material* 

Sarcine  is  a  crystalline  powder,  dissolving  in  300  parts  of  cold 
and  78  parts  of  boiling  water,  and  being  less  soluble  in  alcohol 
Fuming  nitric  acid  converts  it  into  xantliine  and  a  nitro-com- 
pound.  It  has  a  neutral  reaction,  and  combines  with  acids, 
bases,  and  salts. 

Hydmchloraie  of  Sarcine,  CgH^N^OjHCl  +  H^O,  crystalliset 
in  needles  or  prisms,  and  is  readily  decomp<:)sed  by  waiter.  The 
nitrate  forms  tliick  prisms,  which  become  opaque  when  moistened* 

The  hariwm  salt,  0^^fi,V^i\{OW)^,  or  CgH^BaN^O  H-  2H^0, 
is  obtained  by  dissolving  sarcine  in  dilute,  and  afterwards  adding 
an  excess  of  cold  saturated,  baryta-water,  when  the  salt  is 
deposited  in  transparent  crystals. 

When  sarcine  solution  is  precipitated  w*ith  arnmoniacal 
silver  nitrate,  a  gelatinous  precipitate,  having  the  ci>mposidon 
C^H^AgN^O  +  HgO  ia  deposited,  whilst  w^ith  silver  nitrate 
alone  flocks  of  CgH^N^OjAgNO^  are  formed,  which  dissolve  in 
dilute  nitric  acid,  and  on  cooling  the  salt  is  deposited  in 
microscopic  needles. 
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684  Camine,  C^HgN^Oj,  has  hitherto  only  been  found  in 
Xiebig's  extract  of  meat/  and  in  order  to  prepare  it  this  is  dissolved 
in  6  to  7  parts  of  water,  precipitated  by  baryta-water,  and  acetate 
of  lead  added  to  the  filtrate,  wlien  a  precipitate  is  formed  which 
contains  the  lead  compound  of  caraine.  This  is  then  dissolved 
by  boiling  repeatedly  with  w^ater,  and  the  solution  decom- 
posed by  passing  sulphuretted  hydrogen  through  it.  The  filtrate 
is  then  concentrated,  and  a  strong  solution  of  silver  nitrate 
added,  when  a  flocculent  precipitiite,  having  the  composition 
(CyHgN^OJj^AgNOji,  is  formed  This  is  washed  with  dilute 
ammonia  to  remove  nitric  acid.  The  precipitate  is,  lastly,  sus- 
pended in  water,  and  decomposed  by  sulphuretted  hydrogen. 

Carnine  is  a  crystalline  powder,  diflBcultly  soluble  in  water ;  it 
unites  with  hydrochloric  acid  to  form  the  salt  C^HgN^Og  +  3HC1> 
crystallizing  in  glistening  needles.  Bromine- w^ater  or  warm 
nitric  acid  converts  camine  into  sarcine.  Extract  of  meat  con- 
tains about  1  per  cent,  of  camine,  and  it  is  from  this  that  the 
sarcine  is  probably  formed, 

685  G-uanine,  or  Ifnidamnthine,  C^H^N^O.  This  body  w^aa  dis- 
covered by  linger  in  various  samples  of  guano,  being  contained 
in  largest  quantity  in  that  from  Peru,^  ^  It  is  also  found  in  the 
excrement  of  the  spider,^  in  the  pancreas  of  the  horse,*  and  in 
the  scales  of  the  bleak,^  and  it  occurs  as  a  deposit  in  the  knee- 
joints  of  swine  suffering  from  the  disease  known  as  Guanine-gout 
(Virchow). 

It  is  produced,  together  with  xanthine,  sarcine,  and  other 
bodies,  when  yeast  is  allowed  to  stand  at  a  temperature  of  35* 
in  contact  with  water.* 

In  order  to  prepare  it,  Peruvian  guano  is  suspended  in  water, 
milk  of  lime  gradually  added,  and  the  whole  boiled.  The 
brown  solution  is  then  squeezed  through  a  cloth,  and  the  process 
repeated  until  the  liquid  is  no  longer  coloured.  The  residue, 
which  contains  uric  acid  and  guanine,  is  then  boiled  with  solu- 
tion of  sodium  carbonate,  until  the  solution  thus  obtained  no 
longer  yields  a  precipitate  with  hydrochloric  acid.  It  is  then 
treated  with  sodium  acetate,  and  hydrochloric  acid  added  to 
ttrongly  acid  reaction,  and  the  precipitate  boiled  with  dilute 
hydiochloric  acid*  Hydrochlorate  of  guanine  crystallizes  out 
on  Gooiing,  but   this  still  contains  uric  acid,  and  to  remove 

^  Weidel,  Ann,  Chrm,  Phann.  dniL  853. 

»  Ann,  Chcm.  Pharm.  lix.  6S.  »  GcmpBesancz  and  Will,  ih,  Ixii.  117- 

•  Scherer.  ib,  ciii.  276.  »  BarrMwill,  CompI,  lUmd,  liii  2i0. 

*  SchuUeuberger,  EulL  Soe,  Chim.  vii.  192. 
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this  it  must  be  boiled  with  dilute  ammonia,  and  the  ra^iiiuji 
guanine  dissolved  in  strong,  boiling  nitric  acid.     On  coolmi. 
nitrate  of  guanine  separates  out,  and  this  may  be  decomposeti 
by  ammonia.* 

Guanine  is  an  amorphous  powder,  insoluble  in  water.  IC 
dissolves,  however,  in  an  excess  of  concentrated  ammonia, — a 
reaction  which  distinguishes  it  from  xanthine  and  sarcine.  It- 
salts  also  yield  with  potassium  chromate  an  orange-red,  ct\> 
line  precipitate,  and  potassium  ferricyanidc  gives  a  rcdduli- 
brown,  crystalline  precipitate,  whilst  a  saturated  solution  of 
picric  acid  gives  an  orange-yellow,  silky,  ins^iluble  picmte.* 
When  guanine  is  evaporated  with  fuming  nitric  acid,  a  glistening 
yellow  residue  remains,  and  this,  on  the  addition  of  caustic  soda, 
becomes  first  red,  and  then,  on  heating,  purple. 

When  guanine  is  heated  with  hydrochloric  acid  and  potasdum 
chlorate,  it  is  oxiilized  to  carbon  dioxide,  guanidine,  and  para- 
banic  acid  (Strecker).  It  is  a  diacid  base,  but  ako  fonss 
metaUic  salts,  and  combines  with  salts, 

Guanine  Eydrochloraie,  Q^^fiSJ^C\)p  is  formed  when 
hydrochloric  acid  gas  is  passed  at  a  low  temperature  over 
guanine,  when  the  mass  swells  up.  By  dissolving  guanine  in 
hot  hydrochloric  acid,  the  raonacid  salt  having  the  formub 
CgH^NgO^HCl  -h  SH^O  is  obtained,  crystallizing  in  needles  which 
lose  their  water  at  lOO"*  and  their  acid  at  200^  Guanine  hydro- 
chlorate  forms  double  salts  with  various  metallic  chlorides.  The 
platinichloride,  [CsH5N5O,HCl]jj+PtC1^4'2H,0,  crystalltees  from 
water  in  orange-yellow  prisms, 

Guanitie  Sulphate,  (CjiHj^NgO)2,Hj^SO^  crystallusea  in  long 
needles,  but  is  decomposed  by  prolonged  washing  with  water* 

Gmnim  Nitrate,  C5H^N^iO,(HNOs)j-|-2HgO,  is  formed  by 
dissolving  guanine  in  hot  nitric  acid  of  specific  gravity  1*25. 
It  crystallizes  in  short  prisms.  From  more  dilute  acid,  a  salt, 
having  the  composition  aCCfiHgNgO^HNOJ  +  SHgO.  crvsf.illi/t« 
in  long,  hair-like^  foliated  needles. 

Guanine  also  forms,  with  oxalic  acid  and  tartaric  acitl,  cr 
line  salts  (linger),  but  it  does  not  combine  with  formic  or  r* 
acid,  and  does  not  dissolve  in  lactic  acid  or  citric  acid.' 

Guanine  dissolves  readily  in  caustic  soda  solution,  and  on  tiitj 
addition  of  alcohol  indistinctly  formed  scales,  having  the  com* 

'  Strecker,  Ann,  Chem.  Pharm,  amii.  152, 

*  CApranica,  Hoppt- Seller's  ZeitH'h,  Ph^a*  Chem,  iv.  SS8» 

*  Ktf^ubauer  and  Kemer,  Ann^  Chm^  Fharm,  ci.  818. 
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dtion  CjiH^N^O,(NaOn),,+  5H20,  separate  ont,  and  these  are 
[decomposed  by  water  and  by  carbon  dioxide  (Unger).  WTien 
i|uamne  is  dissolved  in  boilmg  baryta- water,  needles  separate  out 
[oacooling  which,  when  dried  over  sulphuric  £Lcid,Iose  their  water 
ami  have  the  compositioQ  C^HgBaN^O  (Strecker). 
^|f  a  concentrated  aqueous  solution  of  corrosive  subhmate  be 
Hped  to  a  hydrochloric  acid  solution  of  guanine^  a  crystalUne 
T^pitate,  having  the  composition  2(C5HgNgO,HgCl^  H-  5HjO, 
Jfl  formed.  A  hot  alcoholic  solution  of  sublimate  gives,  on  the 
|iotter  hand,  a  heavy,  crptalliue  powder,  consisting  of  microscopic 
prisxns,  having  the  composition  2(CfiHgNp,HCljHgC\  +  i4o 
(Neubauer  and  Kerner). 

i,  Silver  nitrate  gives  a  flocculent  precipitate  in  a  solution  of 
ftitrate  of  guanine,  and  this  dissolves  in  strong  boiling  nitric 
*cid,  and  on  cixiling  deposits  in  fine,  needle-shaped  crystals, 
Wing  the  formula  C^jH^N^O^ilgNOa  (Strecker), 


THEOBROMINE,  CVHgN.O^ 
CAFFEINE,  C«H^^N,0,, 


686  These  two  compounds,  which  only  occur  in  the  vegetable 
bgdom,  and  which  were  formerly  classed  amongst  the  alkaloids, 
f  now  known  to  exhibit  chemical  analogies  with  uric  acid  and 
nilar  bodies  occurring  in  the  animal  organism. 
JThedtTmnim,  C^HgN^Oy  This  body  w^as  discovered  by  Wos- 
esensky  in  cocao-beans,  the  fruit  of  Theobmma  cacao,^  from 
jich  cocao  and  chocolate  are  prepared.  It  also  occurs  in  the 
id,*  and,  as  it  appears,  in  small  quantity  together  with  caffeine 
[the  young  leaves  of  Himalaya  tea>^  In  order  to  extract  it 
$  powdered  beans,  which  contain  about  0*5  per  cent.,  are  boiled 
th  wat^r»  and  lead  acetate  added  to  the  solution  until  no  further 
pcipitate  is  fonned.  The  filtrate  is  then  freed  from  lead  by 
Iphnretted  hydrogen,  and  evaporated  to  dryness.  The  residue 
Iboiled  with  alcohol,  and,  on  cooling,  theobromine  crystallizes 
I,  and  is  then  purified  by  recrystallization  or  by  sublimation. 
Btrecker  found  that  when  silver  nitrate  is  added  to  an 
imoniacal  solution  of  xanthine,  an  amorphous  precipitate  of 

*  Ann,  Chem.  Pharm.  xli.  125. 
'  Blev,  Pharrn.  Central.  1842,  303. 

*  Zoller,  Ajt3u  Chejii,  Pharm,  clxuL  ISO, 
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xantldne-sUver,    C^HjAg^N^O^    is    formed,    and    this,  when 
heated  with  methyl  iodide  is  converted  into  dimethyl  xanthine^ 
CgHg(CH3)gN^0^     He  considered  that  this  body  was  isomeric 
with  theobromine,^  but  E.  Fischer  has  shown  that  the  Wlies 
are  identical.     In  order  to  prepare  theobromine  from  xanthine, ti 
molecule  of  the  latter  is  dissolved  in  a  solution  of  tw^o  molecule* 
of  caustic  so<la  and  the  boiling  solution  precipitated  with  acetate 
of  lead,  when  lead  xanthine,  G^tt^PhN^O^,  is  thrown  down  as  A 
crystalline  precipitate,  which,  when  heated  with  methyl  iodide 
to  100**,  is  converted  into  theobromine.^ 

Theobromine  is  slightly  soluble  in  water,  and  forms  micro— 
scopic  crystals  which  subUme  to  a  snow-like  mass  at  290* — 295"-* 
It  possesses  a  bitter  tiiste,  which,  however,  only  becomes  percep- 
tible after  a  time.  It  combines  with  acids  to  form  unstable 
salts,  which  resemble  those  of  caffeine.  When  dissolved  ira. 
ammonia,  and  silver  nitrate  added  and  the  mixture  boiled,  silver— 
theobromine,  C^HyAgN^Og,  is  deposited  as  a  white  precipitate. 

On   oxidation  with  chromic  acid,  theobronune  yields  mtino^ 
methyl  pa  rabanic  acid,*  whilst  aqueous  chlorine  converts  it  into 
monomethyl  urea  and  monomethyl  alloxan,*  and  by  hydrochloric^ 
acid  and  chlorate  of  potash  it  is  oxidized  to  dimethyl -alloxaDtii^, 
CgH,(CH,)2NPg  +  4H,0  (Maly  and  Hmteregger). 

687  Cafeim,  or  Methyl  Theobromine,  C^U^^Nfi^    The  bitter 
insfiedient  of  coffee  was  not  obtained  in  the  pure  state  tilltli^ 
year  1S21,®  when   it  was  prepared  almost  simultaneously  by 
Runge,^  Pelletier  and  Caventon,®  and  Robiquet.®  In  18270tidry 
discovered  the  bitter  crystalline  principle  contained  in  tea,  ^*^ 
which  he  gave  the  name  of  throne  ;^^  and  Berzelins  sugg^te^ 
that  this  compound  would  be  found  to  be  identical  with  tb'*' 
obtained  from  coffee,  and   his  supposition  was  proved  to    t»^ 
correct  by  the  investigations  of  Jobst  ^*  and  Mulder.^^    A  bo^^^ 
termed  guaranine  by  Martina  w^as  afterwards  shown  byhimsel*^ 
and  by  Bertemont  and  Dechasteliis,^*  to  be  caffeine.  ^ 

The  exact  composition  of  this  body  was  ascertained  by  PfS^^' 


«  Ber.  Dmi.  Chem.  Gm,  xr,  i58^ 


*  AniL  Chem,  Pharm,  cxviiL  174. 
'  Keller,  Ann,  Ch^m.  Fhtinn.  xcii.  71. 

*  Alahr  and  Hint^iregger,  MmuUit.  Chem,  1881,  87. 

*  E,  Fischur,  Mer.  Dcuimh,  Cheim,  Qti,  xv,  32. 

*  Qm€li%*8  Handbook,  xnl  224. 

'  MateridUn  tur  Fkytnologk  ;  aee  also  Giske,  Schweitf^f^  Joum,  xixL  208. 
'  Jot^m,  Pharm.  [2],  xii.  229.  *  iHct.  Te^hintL 

J«  Nouv,  BihL  Med,  March,  1827,  ^^  Ann,  Cftn/i.  Pharm,  nr,  eS 

"  Jmim.  Prakt,  Chem.  XV.  280.  *»  Ann.  Ckenu  Pharm.  kxxtL  A* 

"  M,  JEXxvi  90. 
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And  Liebig,^  but  Strccker  waa  the  first  to  obtain  caffeine  arti- 
ficially.  For  this  purpose  he  heated  silver-theobroinine  with 
methyl  iadide,  proving  that  this  body  is  methyl-theobromine,* 

Coffee-beans  contain  0*5  to  2*2  per  cent  of  caffeine.  It  is 
found  in  the  seed-cover  as  well  aa  in  the  leaves '  of  tlie  coffee* 
plant,  which  contain  in  the  dry  state  about  1*26  per  cent. 
(Stenhouse).  The  percentage  of  caffeine  in  tea  varies  usually 
between  1'5  and  2*5  per  cent.,  bufc  in  some  cases  it  rises  to  above 
3*2  per  cent.  Guarana  or  uarana,  termed  Brazilian  chocolate, 
a  material  largely  used  in  South  Americc^  is  the  roasted  pulp  of 
the  fruit  of  Faullinia  sorhilu.  This  substance  occurs  in  com- 
merce in  reddish-brown  cylinders  or  balls,  and  serves  as  an 
article  of  diet  as  well  as  a  medicine.  It  contains  I  5  to  5  per 
cent,  of  the  base.  Caffeine  is  also  contained  in  Paraguay  tea 
or  *'  yerba  mate/*  a  substance  obtained  from  the  leaves  and  small 
twigs  of  the  Ilex  Paragwayciisis,  and  which  contains  0'2  to  1*6.* 
It  is  also  found  in  Kola- nuts,  the  fruit  of  the  Serculia  acuniitiata, 
used  in  Central  Africa  as  a  food,  and  this  contains  about  2  per 
cent,  of  caffeine.* 

In  order  to  prepare  caffeine,  tea-dust  is  employed.  This  is 
boiled  with  water,  acetate  of  lead  added  to  the  solution  until 
no  further  precipitate  occurs,  in  order  to  get  rid  of  tannic  acid 
and  other  bodies,  the  filtrate  freed  from  lead  by  sulphuretted 
hydrogen,  and  the  whole  evaporated  to  the  point  of  crystallization. 
The  impure  base  is  then  recrystallized  from  alcohol,  benzene,  or 
chloroform.  It  forms  long,  silky,  elastic  needles,  which  when 
crystallized  from  water  contain  one  molecule  of  this  substance, 
which  is  given  off  at  100°.  It  dissolves  in  about  90  parts  of 
cold  water,  and  easily  in  boiling  water.  It  is  less  soluble  in 
alcohol,  and  still  more  difficultly  soluble  in  ether.  On  the  other 
hand,  it  dissolves  readily  in  chluraform  and  benzene,  It  possesses 
a  slightly  bitter  taste,  melts  at  234"* — 235°,  and  sublimes  without 
decomposition^ 

In  order  to  determine  the  amount  of  caffeine  in  tea  or  coffee, 
10  grams  of  the  substance,  which  must  be  well  dried  and 
powdered,  are  boiled  with  water,  and  the  filtrate  evaporated  to 
aess  with  2  grams  of  magnesia  and  5  grams  of  glass  powder. 
caffeine  is  then  extracted  with  a  mixture  of  1  part  of 

*  Ann,  Pharm.  L  17.  •  Awn.  Ch&m.  Ffumn.  cxriii.  170. 

*  Van  dcr  Corjmt,  GmclifCs  Eandbookf  xiii  225  ;  Stenlioufle,  Ann,  Ckem.  Fharm* 
ImU,  241. 

*  i>t*uhoiise,  M^m,  Ckevu  Soe  i.  218. 

*  AUfLeld,  Fkarvi.  Joum.  Trang,  [21,  vi.  15. 
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Fischer  has  moreover  prepared  a  series  of  other  derivatives, 
the  relations  of  which  enable  us  to  expkia  the  eoustitutioa  of 
caffeine  in  a  sinaple  way.* 

OdoTcafft'iner,  C^Hj^ClN^Oj,  separates  from  aqueous  golution  in 
a  voluminous  crystalline  mass,  and  crystallizes  from  water  in 
needles  (Rochloder). 

BtmnmffciM,  C^H^BrN^Og,  was  first  obtained  by  Sehuluen,' 
and  then  investigated  by  Fiscber.  When  1  part  of  caffeKne  is 
brought  in  contact  with  5  ports  of  bromine,  a  dark-red  addition- 
product  is  obtained,  which,  when  heated  for  twelve  hours  and  the 
excess  of  bromine  distilled  off  and  the  residue  heated  to  150% 
is  converted  into  bromcaffeine.  In  order  to  purify  this  product 
it  is  treated  with  aqueous  sulphurous  acid,  dissolved  in  concen- 
trated hydrochloric  acid,  and  precipitated  with  water.  It  closely 
resembles  the  chlorine  compound.  It  melts  at  206*,  subUmea 
when  gently  heated,  and  is  difficultly  soluble  in  water  amd 
alcohol  When  heated  with  alcoholic  ammonia,  amidocaJfHne, 
CgHg(NH2)N^0,  is  formed,  a  body  crystallizing  in  fine  needles, 
and  which  can  be  distilled  without  decomposition.  It  is  easily 
soluble  in  strong  hydrochloric  acid,  and  is  precipitated  again  by 
water. 

^Vhen  bromcaffeine  is  boiled  with  alcohol  and  caustic  potash^ 
ettiavycaffeXjie,  C^}iJpC^}i^)^fi^,  is  formed,  a  body  which 
yields  colourless  crystals,  melting  at  140°,  difficultly  soluble  in 
water,  but  dissolving  readily  in  alcohol* 

68g  Hydroxy caffuTht,  CgHg(OH)N^Oj,  is  formed,  together  with 
ethyl  chloride,  when  a  hydrochloric  acid  solution  of  the  last- 
named  compound  is  warmed.  It  crystallizes  from  hot  water  in 
white  foliated  needles,  which  melt  at  about  350"*,  It  is  an  acid 
yielding  a  crystalline  potassium  salt.  With  bromine  it  forms  aji 
addition-product  which  is  very  unstable,  and  is  converted  by 
alcohol  into  duthoocyhydroxycaffeinc,  C^H^(OH)N^Ojj(OCjH^j, 
This  crystallizes  from  hot  alcohol  in  fin©  prisms,  which  melt 
without  decomposition  at  about  200**,  and  it  is  also  easily  formed 
when  hydroxycaffeme  is  suspended  in  alcohol  and  bromine 
added.  On  evaporating  it  with  strong  hydrochloric  acid,  ap^ 
caffeine,  C^H^NgOg,  is  formed,  a  body  crystallizing  in  opaque 
prisms  which  melt  at  liT — 148*,  On  boiling  with  water  it  ia 
converted,  with  evolution  of  carbon  dioxide,  into  hypocaffeiju, 
C„H^NjOy  which,  on  cooling,  is  deposited  in  large  eryst^ 

^  Ber,  DeuUdi,  C%em.  (k*.  m,  637  and  1905,  tr.  90. 
•  ZtiUd^  Chem.  1867,  6U. 
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mportant  pirt»^  whSst  in  the  eaae  of  tea  tlie  ha^  quimlily 
ftdd  wliich  it  contains  modifiat  llie  admi  of  tbd 


oflee  and  t»,  Bod  probably  olbcr  diel^cs  vrhich  coiitiiiQ 
ioe^  Btirwql^t^  nervous  action  atul  iliminish  metaboliam, 
for  tills  reason  tbe  desire  for  ste^p  and  nourishment  aft«r 
of  sach  bereiagea  beoomes  leas,  Thia  fiict  appears 
live  been  long  known  to  the  Arabs,  who  accordingly  uao 
in  their  feasts  and  nocturnal  i^Ugions  ceremonies*  Thia 
MC  word  for  coffee-bean  is  Bcmnne,  but  the  be?orage  la 
led  Kahtca^  derived  from  Ikha,  signifying  distaste  (for  food 

i  By  the  action  of  concentrated  nitric  acid  on  eafTelne.  Sten- 
le  obtained  a  compound  baring  the  compofiition  C^H^N^Og, 
rbich  he  gave  the  name  of  nitro-tlulm^  RcvchlLnlcr  then 
d  that  this  Ixxly  is  also  obtiiined  when  caffeine  ia  treated 

chlorine  in  presence  of  water,  whilst^  tdgotlier  with  this, 
tic  acid,  CigHigN^O^,  methylanaine,  nnd  cyanogen  chlorido 
Ibrmed.  Stenhouse's  compound  was  termed  ch4jhstroph4tm,^ 
Bg  to  its  similarity  to  the  body  cholesterine  corit^iinod  tn  tlio 
Strecker  then  showed  that  this  compound  is  dimvthyl- 
c  acid,  and  tliat  amalic  acid  is  tetmiiiethyl^alloxantin.'^ 
proved  that  when  caffeine  is  heated  with  baryta-water, 

n  dioxide  and  caffeidine,  Cyi^jN/Jjarw  foruioil  *'  TIuh  Iwttor 

is  a  strong  base,  which,  when  further  heated  with  alkalis, 
is  ammonia,  methylamine,  sarcosine  (methylamiJo-acetic 
i),  formic  acid,  and  carbon  dioxide  ;  ^ 

Fbese  reactions  show  that  caffeine  contains  the  methyl  group 
e  times,  and  that  its  constitution  must  be  very  liimihir  to 
i  of  uric  acid.  The  investigations  of  E,  Fii«;Iier  have  uub- 
(tiated  this  in  a  remarkable  manner.  He  hm  shown  that 
Mme,  when  acted  upon  by  oxidizing  agents,  is  convertt4 
,  into  dimethyl-alluxan  ami  monometbyl-urea,  whilst  uric 
tbus  treated  gives,  as  has  been  ^tateil,  alloxan  and  urea. 

kliwiMin,  Amm,  Ckem,  fharm*  IzxiriL  207  tod  f7£, 

)»£•£▼,  Clwtoirfrff  AtoU  »  M€m.  Ckm.  gat,  i  flS,»i. 

Ihl  Ckem.  Fftttrm.  eiritL  \7K  «  /I,  roSli  S«. 
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Fischer  has  moreover  prepared  a  scries  of  other  derivatives, 
the  rektions  of  which  enable  us  to  explain  the  constitution  of 
caffeine  in  a  simple  way.* 

Chlorcafft'ttie,  Cj^Hj^ClN^O^,  separates  from  aqueous  aolutionin 
a  voluminous  crystalline  mass,  and  crystallizes  from  water  m 
needles  (Rochlcder), 

Sromciifftim^  Cj^H^BrN^O^,  was  first  obtained  by  Schultzen* 
and  then  investigated  by  Fischer.     When  1  part  of  caffeine  is 
brought  in  contact  with  5  parts  of  bromine,  a  dark-red  addition* 
product  is  obtained,  which,  when  heated  for  twelve  hours  and  the 
excess  of  bromine  distilled  off  and  the  residue  heated  to  150  . 
is  converted  into  bromcaffema     In  order  to  purify  this  produ*^^ 
it  is  treated  with  aqueous  sulphurous  acid,  dissolved  iu  conc^^'* 
trated  hydrochloric  acid,  and  precipitated  with  water.   It  clos^^^ 
resembles  the  chlorine  compound.     It  melts  at  206',  sublines  ^^ 
when  gently  heated,   and  is  difficultly  soluble  in  w^ater  a.*^ 
alrohoi     When  heated  with  alcoholic  ammonia,  amidoeaffti^^' 
C^H(j(NH2)N^0,  is  formed,  a  body  crystallizing  in  fine  needl^^*^ 
and  which  can  be  distilled  without  decomposition.     It  is 
soluble  in  strong  hydrochloric  acid,  and  is  precipitated  again 
water. 

WTien  broracaffeine  is  boiled  with  alcohol  and  caustic  potasl 
^hoacycajfi'ine,    CgH^(0CjHjj')N^Oj,   is    formed,   a    body    whicl- 
yields  colourless  crystals,  melting  at  140^  difficultly  soluble  i* 
water,  but  dissolving  readily  in  alcohol.  ^-    ^ 

6B9  Hydroxycafftim,  C^B^{OW^^  fi^,  is  formed,  together  with:^^^^^^^^^ 

ethyl  chloride,  when  a  hydrochloric  acid  solution  of  the  last- "^"^^  J 

named  compound  is  warmed.  It  crystallizes  from  hot  water  in^-^^^yi 
white  foliated  needles,  which  melt  at  about  350**.  It  is  an  acid^t^^^^^J 
yielding  a  crystalline  potassium  ealt.  With  bromine  it  forms  an  -^-"^"^^ 
addition-product  which  ia  very  unstable,  and  is  converted  by 
alcohol  into  dkthoxijkydmxymgcim,  CgH9(0H)N^O/OC^Hj)j. 
This  crystalhzes  from  hot  alcohol  in  fine  prisms,  which  melt 
without  decomposition  at  about  200°,  and  it  is  also  easily  formed 
when  hydroxycaffeine  is  suspended  in  alcohol  and  bromine 
added.  On  evaporating  it  with  strong  hydrochloric  acid,  apo- 
eaffdine,  C^H^N^O^  is  formed,  a  body  crystallizing  in  opaque 
prisms  which  melt  at  I4T* — 148''.  On  boiling  with  water  it  is 
converted,  with  evolution  of  carbon  dioxide,  into  liypocaffnne, 
CgHjNgOg,  which,  on  cooling,   is  deposited  in  large  crystals 

*  Ber.  DeiUscK  Chem,  Ou,  xiv.  637  and  1905,  rr.  30, 
s  ZeUsck.  Chfim.  1S67,  6U. 


melting  at  181^  It  is  an  acid,  and  a  very  stable  body,  not  acted 
upon  by  oxidizing  or  reducing  agents,  but  easily  attacked  by 
alkalis. 

Caffolin,  C^H^NgO^,  is  formed  when  hypocaffeine  is  warmed 
together  with  baryta-water  or  acetate  of  lead.  It  crystallizes 
from  hot  water  in  long  white  prisms,  which  melt  at  lO-i"" — 196^ 
On  oxidation  with  alkaline  ferricyanide  of  potassium  aolution  it 
yields  methyl-urea  and  methyloxamic  acid  : 

K  C^H^NjOj  -I-  HjO  -I-  O  =  C^H^NgO  +  CaH.NOa. 

An    alkaline   permanganate  solution    oxidizes   it   to  ammonia, 
carbon  dioxide,  and  dimethyloxamide. 

Caffwrk  Acid,  C^Hj^N^O^  is  formed  as  a  by-product  in  the 
jireparation  of  bypocatfeine.  It  is  easily  soluble  in  water,  and 
CH'ystallizes  from  hot  alcohol  in  splendid  glistening  prisms,  which 
effloresce  on  exposure.  It  is  a  monobasic  acid,  and  on  heating 
^^th  lead  acetate  is  converted  into  mesoxalic  acid,  methylamine, 
cknd  methyl-urea : 

C^Hj^Np,  +  3H5O  =  CjH^O^,  -I-  CH^N  +  C^H^NgO. 

On  reduction  it  is  converted  into  hydrocaffuric  acid,  C^HjN^Oj, 

crystallizing  in  needles,  and  melting  at  245° 

690  Amalie  Acid  or  TetramethyUalhxantin,  Cg(CH3)^N^0^ -h 
H^O,  It  has  already  been  stated  that  Rochleder,  by  acting  with 
chlorine  upon  caffeine  in  presence  of  water,  obtained  the  so-called 
amalie  acid,  this  name  being  derived  from  a^aXe?,  weak,  **  to 
mdtcate  the  weak  acid  nature  of  this  body,  as  well  as  tlie  slight 
aflSnity  with  which  its  elements  are  united."  According  to  Fischer 
it  ia  best  obtained  by  the  following  procesa.  Fifteen  parts  of 
caffeine  are  dissolved  in  20  parts  of  hydrochloric  acid  of  specific 
gravity  1'19,  and  45  parts  of  water  wanned  to  50**.  To  this  7  parts 
of  potassium  chlorate  are  gradually  adtled,  till  a  clear  solution  is 
formed.  This  then  contains  methyl-yrca,  dirnethyl-alloxan, 
Bpocaffeine,  and  caffeic  acid  (Maly  and  Hinteregger).  On  eva- 
poration,  the  dimethyl-alloxan  ia  converted  into  tetramethyl- 
alloxan.  This  13  more  readily  obtained  if  the  hydrochloric  acid 
solution,  diluted  with  an  ecjual  volume  of  water,  be  treated  with 
as  much  sulphur  djo:side  as  is  sufficient  to  neutralize  the  free 
chlorine,  and  then  saturated  with  sulphuretted  hydrogen.  The 
precipitate  is  filtered  off  and  boiled  with  water,  and  on  cooling 
amalie  acid  separates  out  in  crystals,  whilst  methyl-urea  can  be 
ed  from  the  first  filtrate. 
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Araalic  acid  is  difficultly  soluble  in  cold  water,  and  also  but 
slightly  soluble  in  hot  water,  and  it  forma  transparent  crys- 
tals. In  its  properties  it  resembles  alloxantin.  SulphureitcKi 
hydrogen  reduces  it  to  dimethyl  dialuric  acid,  the  solutiaii  of 
wliich  brought  together  with  dimethylalluxan  again  yielda  ■ 
amalic  acid  (Maly  and  Hibteregger),  When  brought  on  to  the  1 
skin  it  imparts  to  it  a  red  colour  and  a  disagreeable  smell ;  it  is 
coloured  dark  violet  by  alkalis,  and  yields  with  ferrous  sulphate 
and  the  addition  of  an  alkali,  an  indigo-blue  precipitate.  Heated 
alone  it  becomes  yellow,  and  afterwards  a  reddish -brown,  and 
then  dissolves  in  water  with  a  purple-red  colour.  In  the 
presence  of  air,  water,  and  ammonia  it  forms  murexoln^  a  body 
which,  according  to  Gerhardt,  is  iMramdhyl'Viurt^h,  Cg(Ciy^ 
N^O^(NH^)*  This  crj^stallizes  from  hot  water  jn  scarlet-red,  four- 
sided  prisms,  of  which  two  of  the  surfaces  reflect  Ught  with  a 
golden  lustre.^ 

Test  for  Caffeine,  The  formation  of  the  last-named  body  has 
been  employed  for  the  detection  of  caffeine  and  theobromine. 
The  substance  is  dissolved  in  cldorine  water,  and  evaporated  to 
dryness,  when  a  purple-red  residue  remains,  and  this  on  heating 
and  addition  of  ammonia  becomes  red  again.  In  this  way  th' 
presence  of  caffeine  in  a  single  coffee-berry  can  be  detected.* 

When  amalic  acid   is  carefully   oxidized   with  nitric    acid 
dimcthylalloxan,  C^(CH3)2(OH)^N203  +  H/3,  is  formed,  a  bodj^ 
crystallizing   in   thick   six-sided   tables,  and  staining  the   akin 
red,  but  not  imparting  to  it  a  disagreeable  smelL* 

691  Caffcidim,  C^H^jN^O,  is  formed  from  caffeine,  aa  baa 
been  stated,  by  loss  of  carbon  dioxide  and  addition  of  hydrogen. 
In  order  to  prepare  it,  caffeine  is  heated  with  ten  times  its 
weight  of  crystallized  barium  Ijydroxide,  dissolved  in  wat^r, 
and  boiled  until  an  evolution  of  ammonia  and  methylamine  is 
noticed.  Tlie  excess  of  baryta  is  then  thrown  down  by  dilute 
sulphuric  acid  and  the  solution  concentrated,  when,  on  standing, 
caffadine  tulpftale,  C^Hj^N^O.SO^Hg,  separates  out  in  thick 
needles.  The  free  base  which  is  prepared  from  the  salt  is  an 
oily  liquid,  soluble  in  water,  and  having  a  strongly  alkaline 
reaction,  and  decomposing  on  heating.  The  hydrochloride^  ^^11 
N^O.CIH,  crystallizes  in  needles,  and  yields  a  platinichloride  which 
crystallizes  from  water  in  large  otange-yellow  needles,  ixm 
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^  Boch1eder»  Ann,  Chevi^.  Pkarm,  \xxu  1«  budiL  Sd. 
»  SchwArjscnhftch.  JahresK  ISfll,  S91  ;   18H  7^0- 
**  Mttly  aud  AiidreA«cb,  MimaUk,  iii.  d2. 
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either  two  or  four  molecules  of  water,  Caffeidine  unites  with 
ethyl  iodide  to  form  the  compound  C7Hii(C^HJN^0IH,  and  the 
dhyl'CaffdAim  wliich  can  be  obtained  from  this  is  capable 
of  again  uniting  with  ethyl  iodide.* 


69a  Like  uric  acid,  caffeine  contains  three  atoms  of  carbon 
which  are  directly  united  with  one  another,  and,  like  this  body,  it 
is  a  diureide  in  which  three  methyl  groups  occur.  In  addition  to 
this,  caffeine  contains  one  atom  of  hydrogen  capable  of  being 
replaced  by  chlorine,  bromine,  hydroxyl,  &c.,  and  lastly  its  power 
to  form  addition-products  shows  that  two  of  its  carbon  atoms 
are  connected  by  double  linkages.  From  these  considerations, 
from  the  reactions  already  treated  of,  and  from  the  fact  of  its 
artificial  formation  from  xanthine,  the  following  constitutional 
formulsB  for  some  of  the  above-mentioned  caffeine  compounds 
are  derived : 


Xanthine, 

HN— CH 


CO  C— NH 
I     >0 

HN— C~N 


Gniuiine. 

HN -CH 

I  II 

CIINH  C— NH 


C^N 


Theobromine, 

CH,.N— CH 

CO  C— N.CH, 
^CO 

HN— ci:n 

OzyotflUue. 


CB3.N— C.OH 


I      II 
CO  C— N.CH, 


\ 

/ 

CHg.N— C~N 


CO 


Cafleine. 

CH-.N— CH 

I      II 
CO  C— N.CHj 

I      I      /*^^ 
CH,.N— C~N 

DijM*thohydroxyca  ffeine. 

.OH 
CH,.N— C< 

^OCH. 


COC 


OC^Hj 


•N.CH, 
^CO 
CHjN— CUN 


1  £  Sclunidt,  Bkt.  DeutMh,  Ckem.  Oes.  xir.  614. 


340 


THE  UUIC  ACID  GEOUP. 


Caflbric  Acid. 

CO.OH 


CaffoUn, 


HO.C-N.CH, 
')C0 
H(CHa)N,r 


HO.CH— N.CHj 
H(CH^)N.C  =  N 


dSetdixM. 


H(CH3)N-CH 


H(CH3)N— C 


Afl  xanthine  can  be  ea&tly  obtained  from  guanine  it  may 
prove  possible  to  prepare  theobromine  and  caffeine,  snbitaneefl 
which  are  conatituenta  of  seTeral  important  articles  of  food» 
from  guano* 


GUANAMINES. 

693  These  weak  bases  may  conveniently  be  described  here,  ^ 
they  contain  besides  acid  residues  also  the  residue  of  guanidineg; 
which  can  be  transformed  into  a  urea-residue  by  the  replace 
ment  of  the  imido-group  by  oxygen. 

The  first  known  member  of  this  group   was   obtained    b| 
Nencki^  by  heating  guaoidine  acetate,  and   termed  by    hir 
ffuanaminc ;    he   explained   its    formation    by    the    following 
equation : 

3CH,N3.C2H,02  =  C,H,N,  +  2C^H,O^NH3  +  COj  +  2NH4, 

He  found  afterwards  that  guanidine  formate  yields  the  lowe^ 
homologue,  and  to  this  he  gave  the  name  of  fomw-^nnamin 
distinguishing  the  first  obtained  body  as  accto-guanamine.' 

According  to  Weith,  the  following  equations  represent  the 
mode  of  formation  of  these  bases ; 


(1)  CH3.CO.OH  +  2C(NH)(NH^j 

CH  C 

*"  \nKC{NH)NH, 

^  Ber*  VeiUteh,  Chem^  Oes.  riL  776 


+  2H,0 


•  Ik  tUL 


(i) 


i 


\NH.CCSH)XH^ 


CH,.C 


\. 


^1^  ^w&ter  wliich  is  fonned  decompoflea  a  part  of  Ihe  guamdmo 

^ithk  formation  of  ammimia  and  carbon  dioxide,  whilst  Um  ezoooi 

^  Acetic  acid  forms  nmmomum  acetate,^ 

^  eneki  afterwards  prepared  higher  homologues  of  thia  groupk 

^^  then  distinguished  the  first  member  of  the  aeries  by  the 

^^me  of  guanamine  simply ;  whilst  aceto-guauanime  be  termed 

^p^^tbjlene-guaxiamine,  and  to  the  butyro-guanamine  he  gave  thi^ 

'  ^*^liie  of  propylene-guanamine.^    As,  however,  the  higher  mem- 

^^r»  of  this  series  diflFer  from  the  first  by  the  repluanueut  of 

^^^Ue  atom  of  hydrogen  in  the  methenyl  group  by  alcohol  nulicals, 

^leee  compounds  may  appropriately  be  designated,  as  has  been 

^nggested  by  Henry  Watts,  by  the  names  guanamine,  methyl- 

guanamine,  propyl-guanamine,  &c} 

Guanamine ,  or  Formo-ffuanamine,  CgH^N^,  crystallizes  from  hot 

"^ater  in  rhombic  needles,  which  melt  at  350°,  and  have  a  faintly 

alkaline  reaction.    Its  salts  cr}'stallisse  well,  and  are  for  the  nxoat 

part  readily  soluble.     The  oxidate,  CaH^N^.C^HaO^,  however,  is 

a  crystalline   precipitate  which   is  inaoluble   in  cold,  and  but 

slightly  soluble  in  hot,  water. 

Methyl-guanamiiu,  or  Aceto-^imnamine.,  C^H^Nf,,  is  obtoinod  by 

^ffradually    heating   guanidine   acetate    until    the  remduo  boils 

Hbonatantly  at  228° — 230°.     It  is  kept  at  this  temperature^  for 

^Blbout  fifteen   miDutes,  allowed  to  cool,  and    the   ri^sidioj  tliou 

^nictracted  with  a  small  quantity  of  hot  water.     On  cooling,  the 

acetate  separates  out  as  a  jelly,  which  is  presided,  and  then 

decomposed  with  caustic  soda  solution. 

Methyl-guanamine  is  only  slightly  soluble  in  cold  water,  but 

dissolves  readily  in  hot  water  and  in  alcohol.   It  crystal  I  izutis  from 

aqueous  solution  by  rapid  cooling  in  motlier-of- pearl  glistening 

8(»le8,  whilst,  when  slowly  cooled,  large  rhombic  pktes  or  neetiles 

are  deposited,  containing  water  of  crptallization,  whiSh  they 

readily  lose  in  contact  with  air.    It  is  tasteleasi  has  a  iaintly 

alkaline  reaction,  and  yields  salts  which  cry«taUi»e  well 

Uethyl-guanamine  is  not  poisonous,  and  after  administration 

passes  unchanged  through  the  animal  organism  into  the  urine. 

Gimnavtine  S^drochioride,  C^H^N^^HCl  +  2Hp,  crystaUizaa 

1  &r.  DshMl  Chem,  Oe$.  k.  45S  ;  Heaekf,  0, 1018.  •  /&  fU. 

*  Did.  Ckemidrf,  Bn^l  lil  UOU 
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m  moDoclimc  prisms  or  tables.  Tlie  platinichloricle  is  a  yellow 
crystalline  )X>wder,  which  dissolves  readily  in  water. 

G'uanid,  C^H^N^O,  is  formed  by  boUing  methyUguanamine  wiiii 
concentrated  jx^tash  solution ; 

It  is  a  chalk-wbite  crystalline  powder^  practically  insoluble  in 
water  and  alcohol.    It  dissolves  readily,  however,  in  the  fixed 

aJkaKs,  and  with  mineral  acids  yields  crystalline  readily-soliible 
salts.  Its  constitution  is  probably  expressed  by  the  fuUuwing 
formula  : 

.,N C^NH 


CHjj,C 


\nH— CO 

ChLanamide,  C^H^NgOj,  is  formed  by  heating  methyl-guana* 
mine  with  concentrated  sulphuric  acid.  It  dissolves  readily  in 
water,  alkalis,  and  acids,  and  crystallizes  from  hot  alcohol  in 
small  rhombic  needles.  Nitric  acid  oxidizes  it  to  cyanuric 
acid.  When  heated  with  bromine,  it  yields  trihr&mgnatuimidc^ 
C^H^Br^NgOg,  which  forms  small  crystals  insoluble  in  water, 
and  when  boiled  in  contact  with  this  liquid  it  splits  up  into 
cyanuric  acid  and  bromoform,^  The  constitution  of  guanamide 
is  shown  by  the  following  formula : 

\nh— CO 


CH3.C 


Nencki  and  Baudrowski  have  prepared  the  following  members 
of  the  guanamine  series,* 

TV.    1  '  p„  p^T^  ffour-sidedf    SuUimes 

Propyl-guanamme,  CaH^.C^H^Nj  ^         ,,       <      without 

I      taDies,    ^     jaeltiiig. 

Isopropyl-guanamiDe,  (CH5)^CH.C3H^N^  rhombohedrona    — 
Isobutyl-giianamine,  (CH^,C,H,.C,H,N,  {  '^^^^^  }    172'.175* 


Amyl-guanamine,  {pE^f^^^.Qu 


/mic; 


microscopic  ) 


adratic   Vl7r-l7S* 


(  pyramids,  ) 


^  Ber.  Deuttcfi  Chfm.  Get,  11.  252, 

»  It.  ix.  228  and  240. 


Compounds  of  triad  alcohol  radicals. 


694  When  three  atoms  of  hydrogen  in  a  paraffin  are  replaced  by 
clilorine,  bromine,  hydroxyl,  &c.,  compounds  are  obtained  wliich 
ttiay  be  looked  upon  &s  derived  from  triad  alcohol  radicala  Of 
8UcU  compounds  many  have  been  described  in  the  foregoing 
pages.     Thus,  for  example,  chloroform  or  methenyl  trichJoride^ 


CHCi^;   ethyl  orthoacetate,  CHg.CCOCaH^^.  &c.     The  reasons 


■  CHi 

^H  of  this  clarification  are  that  these  bmlies  not  only  stand  in  close 
^H  connection  to  the  compounds  under  wliich  they  have  been 
^H  deaeribed,  but  that  the  corresponding  alcohols  are  not  known 
^B^MBmuch  as  compounds  which  contain  more  than  one  hydroxyl 
^HwDbined  with  carbon  do  not  exist,  or,  at  any  rate,  are  very 
unstable  bodies.  Up  to  within  recent  years  only  one  alcohol 
belonging  to  this  group  was  known,  namely  propeuyl  alcohol, 
^^  glycerol,  or  glycerine.  At  present  several  others  belonging 
^H  to  the  same  group  have  been  obtained,  but  they  have  as  yet 
^V  been  but  imperfectly  studied.  There  is,  therefore,  less  necessity 
^P  than  there  otherwise  would  be  for  a  general  description  of  these 
Ixxlies  and  their  derivatives.  The  triad  radicals  themselves,  it 
may  be  remarked,  are  not  known  in  the  isolated  state. 


PROPENYL  ALCOHOL*  GLYCEROL.  OR  GLYCE- 
RINE,  C3H,(0H),. 

6gs  Scheele,  in  1779,  when  preparing  lead  plaster  by  heating 
olive  oil  with  litharge,  obtained  a  soluble  sweet-tasting  substance, 
and  in  1784  he  found  that  the  same  principle  could  be  got  from 
other  oils,  as  well  as  from  butter  and  lard.  To  this  material 
he  gave  the  name  of  "  the  sweet  principle  of  fats,"  ^  and  it  after- 
wards bore  the  name  of  Scheele*s  sweet  principle  or  oil-sugar. 

>  Optm,  iL  17^. 
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Later  on  it  was  more  carefully  invegtigated  bj  Chevreul,  who 
determined  its  corapositioii  with  tolerable  exactitude,  and  gave 
to  it  the  name  which  it  bears  of  glycerine,  or.  as  we  now  prefer 
to  term  it.  glycerol^  The  formula  of  the  body  was,  however,  first 
determined  by  Pelouze,  whose  experimental  results  corr  ^  "  ' 
Chevreurs  views,  that  the  fats  are  ether-like  compouri 
fatty  acids.^  From  this  time  glycerol  was  looked  upon  as  a 
compound  analogous  to  alcohol,  but  the  views  respecting  iti 
constitution  were  somewhat  undecided.  Berzelius  supp^s^rd 
that  it  contained  the  radical  Hpt^l,  C^Jf^  which  afterwards  united 
with  oxygen  to  fc>rm  /i^>^/  mnde,  Cj^II^O,  and  be  believed  that  two 
molecules  of  this  united  with  three  of  HO,  forming  the  A^p^- 
tkctical  (tvhtfdrvus  glycerol,  C^fTjO^  which  with  water  fonns  its 
hydrate,  free  glycerol,  C^ff^O^EO.  According  to  Liebig  the 
radical  ghjcuryl^  C^H^,  forms  the  starting-point  of  the  bt>dy.  This 
yields  the  aimk,  C^ff^O^,  which  again  combinea  with  water  to 
form  the  hydrate  of  glyceryl  oxide. 

It  was  not  until  the  extended  researches  of  Bertbelot  and 
de  Luca,  which  will  be  referred  to  further  on,  that  a  clear  light  <^  i 
was  thrown  upon  the  constitution  of  glycerol.  According  Uy 
Berthelot  it  stands  to  ethyl  alcohol  in  the  same  relation  as 
orLho-phosphoric  does  to  nitric  acid,'  It  wa«  Wurt^,  however, 
who  proved  that  glycerol  is  the  alcohol  of  a  tria*l  nwlical* 
to  which,  instead  of  glyceryl,  he  gave  the  more  suitable  name  of 
propeuyl,  in  order  to  show  its  relation  to  propyl  and  propylene. 

696  Preparation,  Most  of  the  fats  and  oils  occurring  in  the 
aniiJial  and  vegetable  kingdoms  are  propenyl  ethers  of  the  Catty 
aciils,  and  of  those  of  the  series  C^H^^Og,  and  many  of  these  may 
he  employed  fur  the  preparation  of  these  acids  and  of  glyceroL  This 
latter  compound  is  also  a  product  of  the  alcohohc  fermentation  of 
sugar,  and  is  contained  in  beer  and  wine.  It  may  likewise  be  pre- 
paredi  according  to  the  method  of  Scheele,  who  gives  the  following 
description.  **  It  is  not  generally  known  that  all  st>lid  oils  obtained 
by  pressure  contain  a  natuml  sweet  principle  which  dilTers  in 
its  special  relations  and  properties  from  the  other  well-known 
saccharine  materials  occurring  in  the  vegetable  kingdom.  This 
sweet  principle  makes  its  appearance  when  oils  of  the  kind  are 
boiled  with  litharge  and  water  until  the  wltolt*  nf  tlie  litharge 

*  Rechenlwit  mr  le»  oorpt.  grai.  tCv.  209  nud  i38. 

*  J  mi,  Cheui,  Phartn,  atix.  210 ;  xx.  46. 

*  Cumptes  Ikndfui,  xxxix.  745- 
^  An^i,  Chinu  Phyt.  [31  xliii.  492. 
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dissolved  by  the  oiL    Water   is   then    poured    upou    the 
'nn   simjilm   thus   formed,  the  whJe  boiled  for  a  few 
- ._  and,  on   cooliug,  the  liquid  is  filtered  oflf  from  the 
laster,  and  boiled  until  the  residue  becomes  syrupy/*  ^     This 
ethod  of  preparation  was  used  for  many  years  with  the  sole 
teration  that  sulphuretted  hydrogen  Wiis  passed  through  the 
lutioQ  in  order  to  free  it  from  lead.    As,  however,  towards  thtj 
iddle  of  the  present  century,  the  use  of  glycerol  for  a  great 
ety  of  purposes  became  extended^  it  was  found  necessaiy  to 
itain  it  in  ki^e  quantities.     It  did  not  appear  possible  at  that 
[lie   to  prepare  it  from  the  soap-boilers'  leys,  in  which  it  is 
ntained  in  very  dilute  solution,  mixed  with  alkali  and  common 
Ut     On  the  other  hand,  it  proved  easy  to  obtain  it  as  a  by- 
oduct    in    the    manufacture    of   stearic  acid,  and  the  two 

ufactures  were  easily  worked  side  by  side. 
The  saponification  of  the  fats,*  which  are  glycerides  of  pahnitic, 
bearic,  and  oleic  acids,  such  for  example  as  tillow,  pahm-oil,  &c., 
ay  be  earned  out  in  many  ways,  as,  for  exam  pie,  by  distUlatiun 
a  current  of  superheated  steam,  when  the  fat  decomposes 
to  the  fatty  acid  and  glycerol  with  assumption  of  the  elements 
water.  This  process,  however,  has  only  come  into  partial  use  i 
e  one  which  is  now  most  generally  employed,  with  certain 
edifications,  being  that  known  as  Milly's.  For  this  purpose 
e  fat  is  gradually  heated  to  150**  with  from  2  to  3  per  cent, 
sulphuric  acid,  and  then  distilled  with  water  under  pressure, 
simply  heated.  The  sulphuric  acid  is  removed  imm  the 
quLMUis  solution  of  glycerol  thus  obtained,  by  Unie  or  barium 
bonate,  aud  the  solution  concentrated.  Another  process  by 
liich  a  purer  product  is  obtained  is  that  of  lime  suponifi cation^ 
e  fat  being  heated  with  lime  and  water  in  closed  boilers,  and  the 
[me  soap  thus  formed  decomposed  by  hydrochloric  acid,  whilst 
glycerol  solution  is  exactly  neutralized  with  sulphuric  acid 
er  to  precipitate  the  lime,  and  then  evaporated. 
In  order  to  purify  commercial  glycerol  it  is  diluted  to  a 
cific  gravity  of  r07,  decolourized  by  means  of  animal  charcoal^ 
Dcentrated  in  a  vacuum  pan,  and  this  operation  repeated  if 
lessary.  The  refined  glycerol  thus  obtained  is,  however,  by  no 
eans  a  pure  product,  and  is  inaiiplicable  to  certain  uses. 


.  »  hy  the  Icnii 


Ton  BermhBtMt,  17P3,  ii*  855. 

HID  was  originally  tiicunt,  of  cotttse,  tlie  conrtTaioii  of 
tp*     Ai  nii^   pirst^nt  time  the  word  w  used  to  express  gcDerally  the 
iD  of  im  etht-reul  anil  into  au  alcohol  and  an  ^lW.. 
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The  mOiSt  important  improvement  in  the  glycerol  industry  was 
mwile  m  1855,  when  Wilson  and  Payne  patented  a  proce&s  for 
purifying  tliis  substance  by  distillation.  A  current  of  steam  at 
a  temperature  of  100^  to  110"  is  passed  through  glycerol  which 
has  been  concentrated  at  as  low  a  temperature  aa  possible  to 
a  specific  gravity  of  ri5,  and  this  process  continued  until  the 
distillate  has  no  acid  reaction.  The  temperature  of  the  super- 
heated steam  is  then  raised  from  170^  to  18\)'\  and  the  vapours 
of  trlycerol  and  water  which  pass  over  are  collected  in  a  series  of 
condensers  surrounded  by  non-conducting  surfaces,  so  that  the 
pure  glycerol  collects  in  the  first  condenser,  w^hilst  the  second 
contains  a  mixture  of  glycerol  and  water,  and  the  last  water 
alone.  This  process  was  first  carried  out  on  the  large  scale 
by  Price*8  Patent  Candle  Company^  and  the  glycerol  thus 
obtained  is  know^n  in  commerce  as  *'Price*s   glycerine.*' 

Another  mode  of  purification  which  yields  an  excellent  product 
is  that  introduced  in  1871  by  Messrs.  Sarg,  Son,&  Co.,  of  Vienna. 
In  tliifl  case  glycerol  is  cooled  down  from  ff*  to  H-  5**,  and  a  small 
quantity  of  crystfdlized  glycerol  added.  This  produces  cr3^stal- 
lization  of  the  mass,  which,  according  to  its  purity,  becomes 
wholly  or  partially  solidified.  The  crystals  w^hich  are  then 
broken  up  are  freed  from  the  mother-Uquor  by  drying  in  a 
centrifugal  sieve. 

Distilled  glycerol  often  possesses  a  peculiar  rough  taste  and 
in  this  case  requires  to  be  further  purified  by  crystallization. 

A  new  process  for  obtaining  glycerol  fiom  soap  leys  has  been 
proposed  by  Clolus,  The  leys  are  neutralized  with  hydrochloric 
acid  in  order  to  separate  out  any  fatty  acid*  The  filtrate  is  then 
evaporated  until  it  attains  a  specific  gravity  of  127.  and  the 
salt  which  separates  out  is  removed  by  means  of  a  centrifugal 
sieve.  The  solution  is  treated  with  hot  air,  and  the  salt  again 
allowed  to  crystallize  out.  The  last  traces  of  common  salt  are 
then  removed  by  addition  of  fuming  hydrochloric  add,  and  this 
got  rid  of  by  a  current  of  hot  air  or  by  means  of  lead  oxide.  If 
the  leys  are  strongly  alkaline,  they  are  first  treated  with  carbon 
dioxide  in  order  to  separate  out  bicarbonate  of  soda,  and  the 
operation  conducted  as  described.  The  impure  glycerol  is  then 
purified  by  distillation  or  crystallization.^  Several  other  processes 
for  extracting  glycerol  from  soap  leys  have  been  patented.^ 


^ 


1  Bar,  Deut^di,  Chtm,  €ks.  xv.  402. 

'  lb.  XV.  648»  10S>7.     For  liat  of  patients  concerning  extraction  of  glycerol  from 
fOftj»  leys,  see  Journal  of  Soci^y  qf  Chemical  Industry,  1882-3. 
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It  was  formerly  supposed  that  the  various  fats  did  not  contain 
the  same  glycerol  but  that  in  all  pn>bability  homologous  glycerols 
were  contained  in  them.  This,  however,  has  been  shown  not  to 
be  the  case,^ 

Si/nthesis,  Glycerol  was  first  obtained  synthetically  by  Friedel 
and  Silva.  For  this  purpose  acetone  is  converted  into  isopropyl 
alcohol;  this  is  then  transformed  into  the  iixliJe  from  which 
propylene  can  be  prepared.  On  heatmg  the  dichloride  with 
chloride  of  iodine  projjenyl  trichloride  is  obtained,  and  this,  on 
heating  with  twenty  times  its  volume  of  water  to  100",  is 
converted  into  glyceruU^ 

697  Ptoperties,  Glycerol  is  a  thick  liquid  ha\ing  a  pure  sweet 
taste.  It  rapidly  absorbs  moisture  from  the  air,  and  is  raiHcible 
w*ith  water  and  alcohol  in  every  proportion,  but  is  insoluble  in 
ether  and  chloroform.  When  quickly  cooled  it  does  not  crystal- 
lize, but  solidifies  at  —40'*  to  a  gum-like  mass.  It  was  not 
believed  to  be  cryBtallizable  until  crystals  were  accidentally 
observed  ^  in  the  winter  of  1867.  Since  that  time  it  has  been 
found  that  if  it  he  allowed  to  stand  in  a  sufficiently  concentrated 
condition  at  0°,  crystals  form  after  some  days,  or  it  may  be 
after  some  weeks.  These  have  the  appearance  of  sugar-candy 
and  belong  to  the  rhombic  system.  They  are  hard  and  gritty 
between  the  teeth,  but  deliquesce  on  expi>sure  to  air.  Their 
melting-point  has  been  differently  stated,  probably  depending 
on  the  fact  that  they  are  very  hygroscopic.  The  highest  melt- 
ing p»int  was  found  by  Kraut  to  be  22' — 22°"C.  This,  however, 
he  believes  to  be  too  low.^  Pure  glycerol  has  a  specific  gravity 
at  12**  of  1-2G9  and  boils  at  200",  a  small  quantity  of  poly- 
glycerols  (see  p.  351)  being,  however,  formed.^  Under  a 
diminished  pressure  of  50  mm.  it  bulls  at  210".  Nevertheless, 
it  evaporates  to  an  appreciable  extent  at  100^  and  hence  care 
must  be  taken  in  the  detenni nation  of  glycerol  in  beer,  wioe, 
&c.  Lcntz^  has  constructed  tables  giving  the  specific  gravity 
of  mixtures  of  glycerol  and  water. 

In    presence    of    salts    it    decomp>ses     on     heating,    with 
formation   of   a   variety  of  products,  amongst  which  strongly 


•  Hofinaim,  Joum^  Chem,  Soc,  liii.  71- 
«  Bull.  Soc.  Chim.  XX.  68. 

•  Crookes,  Chetru  JVVt£>.-r.  xv,  26 ;  Gladstone,  Joitrn,  Chem.  Soe.  [2],  v.  884 ; 
^^^a*Tg^  Zeil^X  Chem,  1867^  70, 

'     ♦  B^.  Eniw.  Chrm.  Ind.  iL  fil2. 

•  BoIm,  Joum.  Ch^m,  Sot,  |2J,  ix.  84. 
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smelling  acrolein,  C.,H^O,  always  occiira.  \Vhen  heated  to 
150"*  glycerol  takes  fire,  burning  with  a  steady  blue  but  non- 
luminous  flame,  and  glycerol  when  not  too  much  diluted  with 
water  may  be  burnt  like  oil  by  means  of  a  wick.^ 

If  a  particular  species  of  schizomycetes  bo  added  to  a  toler- 
ably dilute  aqueous  solution  of  glycerol,  together  with  calcium 
carbonate  and  the  materials  necessary  for  the  growth  of  the 
plant,  fermentation  takes  place,  but)Tic  and  caproic  acids  and 
butyl  alcohol  being  formed,  together  with  a  very  small  quantity 
of  propyl  alcohol  and  ethyl  alcohol  (FitzJ.  In  addition  to  these 
products  trimcthylene  glycol  (Freund,  see  p.  130)  and  phoron, 
C^H^O,  (Part  L,  p.  572)  are  also  formed.  The  latter  is  like- 
wise produced  when  a  mixture  of  quicklime,  zinc*dust,  and 
glycerol  is  heated  in  a  current  of  hydrogen  to  a  point  not  quite 
reaching  a  red-heat.^  Another  schizomycet-es  {Bacillus  mhtilu) 
yields,  on  the  other  hand,  mainly  ethyl  alcohol  and  butyric 
acid.^ 

Many  metallic  oxides  dissolve  in  glycerol ;  amongst  these  are 
the  alkaline  earths,  lead  oxide,  cupric  oxide,  and  ferric  oxide. 
Many  salts,  especially  deliquescent  ones,  also  dissolve  in  it,  as 
well  as  some  which  are  not  deliquescent,  as  saltpetre,  silver 
nitrate,  tart^ir  emetic,  mercuric  iodide,  g}qDsum,  &c. 

Cold  nitric  acid  oxidizes  glycerol  to  glyceric  acid.  At  the 
same  time  formic  acid,  glycollic  acid,  glyoxyhc  acid,  and 
racemic  acid,*  oxalic  acid,  tartronic  acid,  mesotartaric  acid  and 
hydrocyanic  acid  are  funned* 

The  formation  of  racemic  (doubtless  glycotartaric)  and  meso- 
tartaric acids  can  readUy  be  explained.  On  oxidation  of 
glycerol  the  first  products  are  cither  glyoxal  or  aldehydic  acid, 
COH.CH{OH).COjH,both  of  which  are  converted  into  a  tartaric 
acid  by  the  action  of  hydrocyanic  acid.^ 

Glycerol  is  largely  used  fur  a  variety  of  purposes  ;  by  far  the 
largest  amount  employ eil  in  tlie  manufacture  of  nitro-glycerol. 
It  is  also  used  as  an  article  of  food,  being  easily  digestible  and 
tasting  like  cane  sugar,  from  which,  however,  it  is  distinguished 
inasmuch  as  it  does  not  enter  into  fermentation  under  the  same 
conditions  as  this  latter  body  does,  and  also  as  its  solutions  do 
not  dry  up  or  crystallize.     Hence  it  finds  its  way  to  the  cellars 


■ 


^  Godpffroy,  B6t,  Deutieh.  Cfunu  Gt$,  viL  1566. 

*  Sehulzej  Ber.  Ihutach,  Cheni.  Gix,  xv.  64, 

*  HeinU,  Ann,  Chrm.  Pharm,  clii,  325. 

^  Pizybytek,  JJer.  iMuUch.  Chan,  Qcs,  xir.  207L 


*  Fltz,  ib.  xL  1892. 
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of  the  brewer  and  wine-dealer,  as  it  is  used  io  "  improve  "  the 
quality  of  wine,  and  is  said  to  im|mrt  keeping  puwer  to  beer.^ 
It  is  also  employed  in  the  manufacture  of  lemonade,  liqueurs, 
fruit  preserv'es,  vinegar,  mustard,  &c.  The  fact  that  it  prevents 
access  of  air  to  bodies  with  which  it  is  covered  makes  it  useful, 
instead  of  oil,  for  greasing  the  parts  of  moving  machinery,  whilst 
its  hygroscopic  properties  render  it  available  for  preventing 
the  drying  up  of  copying  ink,  of  snuff,  and  microscopic  pre- 
parations, *S:c.  For  the  same  reason  it  has  been  also  employed 
in  working  up  vegetable  and  animal  fibre,  and  is  also  used, 
either  alone  or  in  combination  with  soap,  as  a  means  of 
rendering  the  skin  supple,  and  it  has  proved  especially  valu- 
able in  hot  countries  in  allaying  the  inflammatory  effects  of 
heat  upon  the  skin.-  A  mixture  of  equal  weights  of  glue 
softened  in  water,  and  of  glycerol  of  specific  gravity  r225,  when 
heated  together  form  an  elastic  mass  used  for  casting  stereotype 
plates. 

Mixtures  of  glycerol  and  water  solidify  at  a  lower  tempera- 
ture than  pure  water.  Thus,  for  example,  a  50  per  cent. 
solution  having  a  specific  gravity  of  1  127  solidifies  at  —  3F.^ 
For  this  reason  such  a  mixture  has  been  used  for  filhng  gas- 
meters ;  this  not  only  preventing  the  freezing  but  also  the 
evaporation  of  the  hquor, 

6g8  StMUuiti  Fmpenijlate,  C^J^0W)jy^2L,  is  best  obtained  by 
mixing  glycerol  with  a  solution  of  sodium  in  alcohol  when  it 
deposits  in  small  crystals  grouped  in  stellar  groups  which  con- 
tain a  molecule  of  alcohol.  This  latter  is  evolved  at  100°,  tfie 
sodium  compound  remaining  behind  as  a  white  deliquescent 
powder.  It  is  also  obtained  by  acting  with  Sixliura  amalgam 
on  glycerol  ;  soclium  itself  only  acts  slightly  in  tlie  cold,  but 
when  warmed  the  action  is  so  violent  that  the  mass  becomes 
strongly  heated  and  the  whole  carbonizes.* 

J}m>diut}i  Pro'pmt^late,  CgH5(ONa)gOH,  is  obtained  when  the 
foregoing  conipound  is  heated  with  sodium  ethylate  and  absolute 
alcohol.     It  forms  a  white  very  deliquescent  mass.^ 

Glycerol  also,  like  sugar,  combines  with  lime  to  form  a  soluble 
compound,**  and  likemse  with  strontia  and  baryta.     We  are, 

'  Kraut,  l4K.  dl  509, 
_  »  lb.  510. 

■  Fabian,  IHngkr's  PolifL  Jcum.  civ,  345, 

*  Letts,  Chcm,  Soc,  Joum,  XJEV,  450. 
^  Lo«bi9Gh  and  Loom,  MojuUteK  Vhtm,  W,  842, 

•  C^lea,  Phamu  Joum,  Trana,  [3],  iv,  660, 
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moreover,  acquainted  with  BolubJe  glycerates  whicb,  together 
with  fM^tassium,  contain  iroQ,  copper,  or  bismuth,*  but  none  of 
these  compounda  have  as  yet  been  obtained  pure, 

Dipropcnyl  Sodium  Manganite,  (CgH^jgKa^MnOg.  This 
singular  compound  is  formed  when  freshly  precipitated  man- 
ganese dioxide  is  heated  with  caustic  soda  and  glycerol.  In  the 
moist  state  it  is  of  a  bright  scarlet  colour  and  forms  when  dry  a 
light  yellowish-red  indistinctly  crystalline  powder.  It  possesses 
a  weak  alkaline  and  somewhat  astringent  taste.  It  b  insoluble 
in  alcohol  but  dissolves  in  a  mixture  of  equal  volumes  of  alcohol 
and  glycerol,  yielding  a  deep  blood-red  colour.  Its  atiueous 
yellowish- red  solution  decomposes  easily  with  separation  of 
manganese  dioxide.  The  corresponding  potassium  compound  ia 
only  known  in  solution.  It  has  a  deep  ruby -red  colour  and  is 
not  precipitated  by  alcohol. 

TAprapcnyl  Str&uiium  Manganite,  {C^^^iOWi^ilihiO^,  This 
is  a  light  oclire-yellow  crystalline  substance  which  readily  falls 
into  poAvder.  It  is  insoluble  in  alcohol  and  is  almost  instantly 
decomposed  by  water,  and  possesses  a  strongly  alkaline  reaction 
and  a  disagreeable  metallic  taste, 

Manganese  dioxide  dissolves  in  solutions  of  calcium  hydroxide 
or  caustic  baryta  in  glycerol,  ynelJing  a  yellowish-red  colour,  but 
the  compounds  thus  formed  have  not  been  obtained  in  the  solid 
condition.* 

699  Ikkction  of  Glycerol  in  Beer,  cfx.  The  action  of  glycerol  on 
borax  ia  peculiar,  as  it  takes  up  free  boracic  acid  frum  this  sub- 
stance. Hence  this  reaction  is  very  well  adapted  to  indicate  the 
presence  of  glycerol  in  beer,  wine,  &c.  For  this  purpose  50  to 
100  cc.  is  evaporated  to  dryness,  extracted  with  absolute  alcohol, 
the  alcoholic  extract  again  evaporated  and  the  residue  dissolved 
in  a  few  drops  of  water*  The  solution  is  made  slightly  alkaline 
with  carbonate  of  soda  and  a  bead  of  borax  dipped  into  it. 
This  ia  then  brought  into  the  flame,  tij  which  a  green  colour 
is  imparted  if  any  glycerol  be  present.  If  anmionium  salts  are 
present  the  ammonia  must  be  first  removed  by  heating  the 
Bolution  with  sotlium  carbonate.' 

*  Puis,  Jotim.  PraH  Chan.  [2],  iv.  8S. 

'  ScJiottlsLndKri  Ann.  fjfbtm.  Pitann,  civ.  230* 

»  Senitsr  and  Low,  Jimm,  Chem^  Soe,  1878,  i.  438. 
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OXIDES   AND    ETHERS    OF    PROPENYL. 

700  Olycide  Alcohol^  CgH^O^.  Tliis  monad  alcohol,  generally 
known  as  glycide,  is  formed  by  decomposition  of  its  acetate  ^  as 
well  as  by  the  action  of  baryta  on  propenyl  chlorhydrin  :  ^ 

CHjCl  CH,^ 


caoH  - 

[ 

CH,.OH 


> 

I 
CH,.OH 


+    HCl. 


The  latter  mode  of  formation  corresponds  to  that  of  propylene 
oxide  frona  its  chlorhydrin, 

Glycide  alcohol  is  a  liquid  boiling  at  IGT — 163*^.  and  having 
a  specific  gravity  at  0''  of  1*165,  It  is  soluble  in  water  and 
combines  with  it  to  form  glycerol 

Polyfjlyccroh  are  formed  by  the  action  of  glycid  alcohol  or 
propenyl  chlorhydrin  on  glycerol.  They  are  viscous  liquids,  of 
which  the  following  two  liave  been  obtained  in  a  tolerably 
pure  state  :  ^ 

B.P,  nnder 
10  mm,  pre««ure, 

^C,H,(OH), 


Diglycerol,  0 


aso'-sso" 


\C.H,C0H), 
.     /C,H,COH). 
TriglyceroI,_)CjHs(OH)      275'-285' 

\C,H,(OH), 

Propenyl  Oxide^  ( 03115)203.  This  compound,  which  is  commonly 
known  as  glycerine  ether,  was  first  observed  by  Berthelut  antl  de 
Luca,  but  oat  further  examined  by  them.*  It  is  also  formed  wiic^n 
glycerol  is  distilled  with  calcium  chloride,*^  and  occurs  as  a  by- 
product in  the  preparation  of  allyl  alcohol '  from  glycerol  and 

*  G^^gerfeldt,  Bull  Soe,  Chim,  xT^m.  160;  BresUvisx,  JouffL  FmH  Chem,  I2]xx. 
'  Hiinnot,  Ann,  Vhaa,  /Vjy*.  [5],  xvii,  112, 

*  J^ur^u^o,  Ann.  Chim.  Phifa,  [3],  latvii.  29fl. 

*  Ann.  CAnn.  Phys,  [3],  xliii  279. 

*  Linneniann  and  v.  Zotta,  Ann^  Chem.  Pharm,  SnppL  viii,  254;  t.  Zotta, 
Amn,  Chctiu  Phart/i.  cUxiv.  itQ, 
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oxalic  axiid.^  It  is  likewise  obtained,  together  with  other  products, 
when  glycerol  is  distilled  with  two  per  cent*  of  sal-ajumooiac.' 
It  is  a  liquid  Ijoiliiigat  171** — ITS'",  and  having  a  specific  gravity 
of  1'16  at  16°.  It  13  soluble  in  water,  and  combines  w^ith  it  at 
lOO**  to  form  glycerol.  If  it  be  saturated  at  O"*  with  hydricKlic 
acid  it  decomposes,  in  an  aoalogous  way  to  the  other  ethers, 
into  glycerol  and  propenyl  tri-iodide,  which  latter  substance, 
however,  decomposes  into  iodine  and  allyl  iodide,  C^HgL*  Henoe 
it  possesses  the  following  constitution : 


caj— o— CH^ 


i 


I 


I  I 

CH^— 0— CH^ 

It  is  remarkable  that  in  its  preparation  by  means  of  calcium 
chloride  a  small  quantity  of  phenol,  C^jH^O,  a  body  belonging 
to  the  aromatic  series,  is  formed,  together  with  other  products. 

Ethyl  Propenyl  Etktr,  or  Qlyeerol  MonetkyHn,  C^H5(OH)pC5.H5, 
is  formed  by  the  action  of  sodium  ethylate  on  propenyl  chlor- 
liydrin,  and  is  a  budy  boiling  at  225° — i30°\  soluble  in  water^  and 
separating  out  again  on  the  addition  of  carbonate  of  potash.* 

Diethyl  Propenyl  Ether  or  Glycerol  DuihyHn,  C^^{0'&y 
(OC^H^)o,  is  obtained  by  heating  glycerol  with  ethyl  bromide 
and  caustic  potash,^  tm  well  as  by  the  action  of  sodium  ethylate  on 
propenyl  dichlorhydrin.*'  It  is  an  oily  liquid,  scarcely  soluble  in 
water,  having  a  faint  ethereal  peppermint-like  odour.  It  boils 
at  191"  and  has  a  specific  gravity  of  0112, 

Trkthyl  Pr&pcmjl  Ether,  or  Glycerol  Tridhylin,  0^115(002115)3. 
When  the  foregoing  compound  is  treated  with  phosphorus 
pentachloride,  chlordufhyUn^  CgH5Cl(OC2HJ^,  is  formed.  This 
is  a  body  boiling  at  IS^*",  and  possessing  a  sweet  smell;  when 
heated  with  sodium  ethylate  to  120"*  it  is  con%'erted  into 
triethyUn.  This  latter  is  also  formed  when  diethylin  is  treated 
with  sodium  and  ethyl  iodide.  It  is  a  pleasantly  ethereal  smeEing 
liquid,  boiling  at  185**.^ 


'  n^eerftildt,  Ber.  Den-t^ch,  Chem,  Gen.  iv.  91 D  j  Tolkiis,  ih.  v.  68, 
'  Tolletia  and  l/0<i,  Uk  xiv.  1946. 

*  Silva,  Comjd^  n^md,  xciii.  418, 

*  Keboal,  Ann.  Vhim.  Phi^if.  [3],  h.  63. 

*  Berthelot,  Ann.  Chim.  Phijs.  pi  xlL  305. 

*  lielxjul,  ioe.  cU. 

'  licboul  imd  Lonrea^o,  Compt,  Jlejid,  liL  466. 
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ig  obtaioed  when  aldeliyde  is  heated  with  glycerol  for  thirty 
hours  to  170**— 1801  It  is  a  liquid  which  hnh  at  184*— 188^ 
is  slightly  soluble  in  water,  but  is  easily  decomposed  by  this 
liquid.* 


Ethereal  Salts  of  PROPExrL, 

701  a-Propenyt    Chlorhydrin,  CH3C1.CH(0H).CH,0H,    was 

obtained  by  Bertlielot,  by  heating  glycerol  with  hydrochloric 
acid,  and  termed  cMorhydrin^  In  order  to  prepare  it,  glycerol 
is  saturated  with  hydrochloric  acid  and  heated  for  100  hours  in 
a  water-bath.  The  product  is  then  distilled  in  a  vacuum  in  a 
water-bath,  until  hydrochloric  acid  ceases  to  come  over,  and 
then  fractionated  over  the  naked  flame.'  a-Chlorhydrm  is 
an  oily  liquid  having  a  specific  gravity  at  0**  of  1-338.  It 
is  soluble  in  water,  and  boils,  with  partial  decomposition,  at 
21 3^  Under  a  diminished  pressure  of  18  mm.,  it  boils  at 
139**,  and  distils  without  decomposition.  By  the  action  of 
sodium  amalgam  on  its  aqueous  solution  it  is  converted  into 
propylene  glycol.* 

^'-PTiJiKnyl  Chlorhydrin,  CH^C0H).CHCLCH2(0H),  is  formed 
in  smaller  quantity  together  with  the  foregoing  compound,  from 
which  it  may  be  separated  by  fractional  distillation  in  a  vacuum, 
as  under  a  pressure  of  18  mm.,  it  boils  at  146°.  At  0"  it  has 
a  specific  gravity  of  1  328  (Hanriot).  The  same  compound  is 
also  obtained  by  the  union  of  allyl  alcohol  wath  hypochlorous 
acid.  It  is  a  syrupy  liquid,  having  a  slight  smell  and  a  sweet 
taste,  and  boiling  under  ordinary  pressure  at  230 — 235^  ^ 

a'Propcnyl  DicMorkydrin,  CHgCl.CHCOH^.CHgCl,  was  first 
obtained  by  Berthelot,  by  heating  glycerol  with  an  excess  of 
fuming  hydrochloric  acid  in  the  water-bath,  and  termed  by  him 
dkhhrkydrin.^  According  to  Reboul,  a  mixture  of  equal  volumes 
of  glacial  acetic  acid  and  glycerol  is  saturat-ed  Tjvnth  hydrochloric 
acid  gas  at  100"*,  and  the  product  fractionally  distilled.^  It  is 
also  formed  when  chloride   of  eulphur   is  gradually  added  to 


'  Hamitzky  and  Mcnachutkin,  Ann,  Chem,  Pharm.  cxxxvi,  126. 

^  Ann.  Vkim.  Phyn,  [3],  xli.  296. 

^  Hmirir>t,  Ann.  Vkim.  Pkyn.  [!i\,  rni  62, 

*  Lourtn^o,  i*.  [3],  Ixvii.  320  ;  Buff,  Ani%,  Ckem,  Pharm.  SoDpi  v,  247. 

•  Henrv,  J</wn*.  Pt-alt.  Chcvi.  [2],  x,  186.  •  Xoc.  cii.  296. 
^  Ann.'Chim*  Phgs,  [3],  li,  1 ;  Watt,  Mer,  IkuLacK  Cham,  Oet,  v.  2fi7. 
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glycerol,  and  the  whole  gently  heated.^  It  is  an  ethereal 
smelling  liquid,  boiling  at  ITS'* — 176^  and  having  a  specific 
gra%''ity  at  IG""  of  1^S06.  It  is  Bomewhat  Boluble  in  water,  and 
is  converted  by  means  of  sodium  amalgam  into  secondary  propyl 
alcohol  (Lourenco,  Buff),  When  oxidized  with  chromic  acid 
solution,  it  yields  symmetrical  dichloracetone  (Part  L,  p.  571).* 

fi'Propeni/l  DiMorkijilrin,  CH^CICHCI  CH.pH.  According 
to  several  observers,  this  compound  is  formed  together  with  tho 
foregoing,  when  hydrochloric  acid  acts  upon  glyceroh^  This 
fact  is,  however,  denied  by  others*  It  may  be  obtained  in 
the  pure  state  by  the  union  of  allyl  alcohol  with  chlorine,®  or 
by  the  action  of  hypcichlorous  acid  on  allyl  chloride.*  It  is  a 
thick,  faintly  ethereal  smelling  liquid,  boiling  at  182**,  and  having 
a  specific  gravity  at  0"*  of  1*3799.  Nitric  acid  oxidizes  it  to 
^-dichlorpropionic  acid. 

Epkhlorhydrin,  C^H^CIO,  is  found  amongst  the  products  of 
the  action  of  phosphorus  pentachloride  on  glycerol  (Berthelot), 
It  is  also  formed  by  the  decomposition  of  o-propenyl 
chlorhydrin,^  as  well  as  of  the  ^-compound  by  caustic 
potash :  ^ 


CH.Cl 


(I) 


CH. 


OH 


H,C1 


CHyOH 


)H 


CH,C1 


+    HCl. 


(2)    CHCl 

CHjCl 


1% 

=    CH/       +    HCl, 


CH.Cl 


According  to  Reboul,  the  best  method  of  preparing  it,  is  to 
use  the  product  bf>iling  between  160''  and  220^  obtained  by 
the  action  of  hydrochloric  acid  on  a  mixture  of  glacial  acetic 
acid   and  glycerol,    which,   in  addition   to  the  dichlorhydrin. 


*  Cftrinj,  Ann.  Chem,  FKanti.  cixiv,  222 ;  Clatis,  ib,  clxviiL  42. 

*  Hwrmann,  Ber,  Deuisch,  Chem.  Ges,  xiii  1707,  and  Markownikow.  Ann, 
Chfm.  Phnrm..  coviii.  349. 

*  Miiiider  anU  Toll  ens,  Ber.  Ikufsch,   Cherry    Qt»,  1871,  681  ;   Hubner  and 
Miiller.  Ann,  Chetn.  Phami,  clix,  168, 

*  Mnrkownikow,  Ann,  Chem,  Pharm,  emii.  34S  ;  Ber,    Dfutjich.   Chem,   OfS. 
vl  1210  ;  Pnschke,./i>«m,  PrttM,  (^€m,  [2],  h  82;  Watt,  roc,  at 

*  Miinder  and  Tolletis,  loc.  cii, 

«  Gt-uerf^'ldt,  Bar  Jkutxh.  Ch^m.  Qea,  tL  720. 

^  lieboul,  loc  tU,  8  Munder  and  TolIeiiB,  loc,  eU. 
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contams  the  acetate  of  propenyl.  500  cc.  of  this  are  dropped 
gradually  into  a  concentrated  solution  of  350  grama  of  caustic 
potash,  care  being  taken  to  keep  the  whole  cool.  Or  the  crude 
chlorhydrin  may  be  added  to  roughly  pounded  caustic  soda, 
but  the  teraiJerature  must  not  rise  above  130V  The  yield  is 
not  more  than  half  the  theoretical  one,  as  a  large  portion  of 
the  dichlorhydrin  is  converted  into  glycerol*^ 

Epichlorhydrin  is  an  oily  liquid  insoluble  in  water,  possessing 
an  ethereal  smell,  somewhat  resembling  that  of  cldorofurm.  It  has 
a  sweet  homing  taste>  boils  at  IIB'^'G,  and  has  a  specific  gravity  at 
O"*  of  1'203  (Thorpe).  li\Tien  shaken  up  with  fuming  hydrochloric 
acid,  it  combines  with  it  to  form  a-propcnyl  dichlorhydrin, 
which  may  be  obtained  in  this  way  in  the  pure  stata  very 
readily.  It  unites  still  more  easily  with  hydjobromic  acid, 
and  its  cumbination  with  hydriodic  acid  takes  place  with  yet 
greater  avidity*  If  this  gas  be  passed  over  epichlorhydrin 
cooled  to  0^,  normal  propyl  chloride  and  some  propyl  iodide 
are  formed.^  It  unites  also  with  %vater  at  100**  to  form  the 
monochlorhydrin,  and  with  alcohol  to  form  its  etliyl  ether,  &c. 
In  its  chemical  relation  it  therelbre  closely  resembles  ethylene 
'  oxide. 

When  heated  with  potassium  acetate,  it  forms  the  above 
named  glycide  acetate,  CgH^Og.  C^HjjOg,  a  liquid  builing  at 
168° — 169°.  Potassium  cyanide  converts  the  chloride  into 
epicj/anhi/drin,  CgHgO.CN,  a  body  crystallizing  in  tablets  or  prisms, 
melting  at  163^  and  yielding  when  boiled  vdth  baryta  water 
or  hydrochloric  acid,  tpihydriti  carhoxylic  acid,  C^H^O^CO^H; 
a  body  crystallizing  in  gUstening  needles,  melting  at  225^*  This 
IxMly  is  isomeric  with  ace  to-acetic  acid,  and  is  reduced  to  butyric 
acid  by  means  of  hydriodic  acid  : 

CH,,CH.CH,.CO^H  +  4HI  =  CHjj.CH^.CH2,C0gH  +  21^  +  H^O. 

O 

70a  Pro^jcnyl  TricMoiHdc^  or  TrtcMorhydrin,  CjHgClg,  is  ob- 
tained by  the  action  of  phosphorus  pentachloride  on  propenyl 
dicblorliydrin,^  or  epichlorhydrin*^     It  is   also  formed  by  the 

*  PrevoBt,  Joum,  Praki.  Chem,  [2],  jcii  160. 

*  Claufl,  Ber,  DrntaeK  Chem,  Ges,  x.  £&d. 

*  Silva,  Ctmpt.  Jknd.   xciii  41 S. 

*  Pawhke,  Joum,  Pmlct,  Chttn,  [2],  L  97 ;  Hartenatem,  ih,  rii.  295. 

*  Rprthe!ot  and  tie  Lttca,  Ann.  Chim,  Fhy$.  [3],  Hi.  437. 

*  K«boul«  t&.  Iz.  37* 
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action  of  clilorine  on  propylene  cliloride,^  secondary  propyl 
chloride,'^  and  propaiie,3  when  other  substitution^products  are 
also  of  course  fornied. 

In  order  to  prepare  it,  a  mixture  of  glycerol  and  glacial  acetic 
acid  is  saturated  with  hydrochloric  acid,  and  the  wliole  slowly 
distilled  until  the  boiling  point  reaches  130**;  the  residue  is  then 
waslied  with  water  and  carbonate  of  soda  sc^lutiou,  dried  over 
calcium  chloride,  and  the  liquid  then  allowed  slowly  to  flow  into 
phosphorus  chIoride> 

Propenyl  trichloride  is  a  liquid  boiling  at  158"*,  and  having  a 
Braell  resenibliug  that  of  chlunJ.  At  0°  it  has  a  specific  gravity 
of  1*41,  When  heated  with  twenty  times  its  volume  of  water 
it  is  converted  into  glycerol 

a-Dkhloivjlycide,  or  a'Ejyidichlorhydrin^  CgH^Clg,  was  obtained 
by  Biirthelot  and  de  Luca,  as  a  by-product  in  the  preparation 
of  tricldorhydrin*  Reboul  then  obtained  it  by  tlie  action  of 
caustic  potash  on  the  latter  body,  and  described  it  as  an  ethereal 
alliaceous  smelling  body  boiling  at  lOT — ^lOS''.®  More  recent 
obser\^ations  have  shown  that  two  isomeric  bodies  are  produced 
in  this  reaction :  ^ 


a-EpitJioblorliy'Wii, 

CHj-CCi.CH,Cl. 


^- Epicli  cli  lorhTdiiu . 

CH01z:CM.CH,CL 


Of  these  the  a-compound  is  obtained  in  the  larger  quantity. 
It  boils  at  94",  and  has  a  specific  gravity  at  0°  of  I  *236.  It 
combines  with  fuming  hydrochloric  acid  at  100"*  to  form 
chlardimdhylmcthylaie  chUyrid^,  CHj^.CC!5.CHgCl,  a  body  also 
obtained  by  the  action  of  chlorine  on  dimethyl  methylene  chloride 
(p.  131),  and  boiling  at  123'.* 

It  also  unites  with  chlorine  to  form  a-MTuchlorglyddc,  C^H^Cl^, 
a  body  boiling  at  164**,  and  having  an  ethereal  smell  and  a  sweet 
burning  taste. 

^'Dkhlorghjcide,  or  fi'Epidiehlorhydinn,  is  formed  in  larger 
quantity  by  the  action  of  phosphorus  oxychloride  or  phosphorus 
pentachloride  on  dichlorhydrin  :  ^^ 

CH,C1  CH{0H).CH,C1  =  CHCI  ~  CH.CH,C1  +  H^O. 

*  Caliours,  Uornpt.  Rend,  ixii.  252  j  Bielohoabek,  Ber,  DiuUeh,  Chem,  Ga.  ix, 
924. 

*  LkmemanB,  Ann,  Chem.  Pharm.  cjtxxyt.  48  ;  cxxxix,  1&  i  Friedel  iind  Silva, 
C&inpl.  Mcjid.  Ixxiv.  8<^5.  "  Scborle miner,  /Voc.  lioif,  iloc.  xvii*  872. 

*  Httjgand  Pffffer,  J  tin,  Chem,  Pharm.  oxxxv.  35&. 

»  Ann,  Chim.  Phys,  [^],  Hi,  i38,  •  lb,  ht,  37. 

y  Frit-del  an4  Sihii,  BuiL  Soe.  Chim,  [2],  xvii.  386. 

*  Friedel  und  Silva,  ib. 

*  Y\\X\^  aEtl  Ffeifer,  An%.  Chem,  Pharm.  cxixv  357. 
J^  llartciiBt*iin,  Juum.  Praki,  Ch^im,  [2],  vii,  310* 
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It  IB  a  mobile  liquid  having  a  sweet,  somewhat  burning  tast^e, 
and  pleasant  smell ;  it  boils  at  100*,  and  at  0^  its  specific  gravity 
is  125{),  It  does  not  form  any  compmnd  with  hyiiroehloric 
acid,  but  combines  with  chlorine  to  form  0-tetrachbrgltfCuk, 
C^nja^,  a  bxly  boiling  at  ITF. 

Propenyl  ML/nohTomhydri7i,C2^llJ^r((}'H)^,  is  obtained,  together 
with  other  products,  by  tbe  action  of  phosphonis  pentabromide 
on  glyc4froL  It  is  a  thick  oily  aromatic  tasting  liquid,  which 
boils  under  a  pressure  of  10  mm.  at  180"  (Berthelot  and  de 
Luca), 

a-Propemjl  DiJjromhi/drin,  CHjBrCH(OH).CH^Br,  is  fonned 
together  with  the  foregoing  compound,  and  is  an  ethereal 
smelling  liquid  bc^iling  at  SID**. 

^-Propenyl  Dihrmnhydrin,  or  Dibrompropyl  Almhol,  CH^Br. 
CHBr,CHj(OH),  is  formed  by  the  comhioation  of  allyl  alcohol 
with  bromine,  and  is  a  liquid  boiling  at  212°~211'^^ 

703  ProjH'nyl  Tribromiik^  or  TrUjromhydrin,  C^H^Br^  is  formed 
together  with  the  mono-  and  dibromhydrins  by  the  action  of 
phosphorus  bromide  on  glycerine  (Berthelot  and  de  Luca).  It  is 
best  prepared  by  treatiug  ailyl  iodide  with  bromine,*  It  is  a  faintly 
ethereal  smelling,  thick  liquid,  which  has  a  specific  gravity  at  10'' 
of  2'407,  and  boils  at  219'' — 220^  and  on  cooling  crystallizes  in 
long  glistening  prisms  melting  at  16^— 17^^  Wlien  Iieatcd  with 
sohd  caustic  potash  ^'tpidihromhydriii,  CHBr^CH.CIijBr,,  is 
produced.  This  is  an  oily  alliaceous  smelling  liquid,  which  boils 
at  151*"— 152**,  and  combines  with  bromine  to  form  tdraltram- 
glycide,  CjjH^Br^,  a  compound  boiling  at  25  0"* — 252**,  with 
decomposition.^ 

a-Pmj^enyl  Di-iodhydrin,  CHJ.CH.(OH).CHJ,  is  formed 
by  heating  dichlorhydrin  with  a  concentrated  solution  of 
potassium  iodide.  It  is  a  thick  oily  Uquid  which  crystallizes 
in  a  firee^ing  mixture,  and  decomposes  when  heated.* 

fi-Pnqmiyl  Di-iodhydHn,  CHJ,CHI.CH^.(OH),  is  formed 
by  acting  with  allyl  alcohol  on  iodine,  which  are  brought  together 
in  solution  in  chloroform.  The  compound  crystallizes  in  needles 
which  when  exposed  to  light  acquire  a  brown  colour.** 

•  Keknl^i  Ann,  Chem.  Pharm,  SuppL  L  13S  ;  Markownikow,  ZeiiscK  Chtmm 
1861,  $$  ;  Tollens  and  Aliinder,  Ann.  Oum,  Pharm.  cUvil  221 ;  Michael  and 
Korton,  Atner.  Chrm.  Joum,  ii.  18. 

•  Wortjr,  Ann.  Vhim.  Phyt.  [3}»  IL  ftl. 

•  Hcun%  Ber.  DeuiacK  Chem.  Ges.  iil  298. 

•  Rcboul,  Anm.  ChinL  Phyt.  [3],  Ix.  43, 

•  Cl<io«,  Ann.  Chem,  Pharm.  clxviii  2i. 

I*  Huboer  &nd  L«lIinAU,  Bcr.  Ikutsch.  Chem,  Qtt.  xdiL  460. 
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Fropcnyl  M(r7io-wdJiydriji  is  obtained,  according  to  Rtboul,  by 
beating  the  chlorhyflrin  with  potassium  iodide.  It  is  an  oil 
which  has  not  bt^on  further  investigated, 

Propenyl  tri-iodide  is  not  known. 

By  the  action  of  by(!rio<lic  acid  or  iodide  of  phosphorus  on  an 
excess  of  glycerol,  allyl  iodide,  C^Hgl,  is  formtd,  together  with 
propylene.  If,  on  the  other  hand,  the  two  first  compounds  are 
present  in  excess,  propylene  and  isopropyl  iodide  are  furmed. 
In  this  it  is  possible  that  the  following  reaction  takes  phice. 
At  first  prnpenyl  tri-iodide  h  formed,  and  this  decomposed  into 
iodine  and  allyl  iodide.  This  latter  is  then  reduced  by  the 
hydriodic  acid  to  propylene,  and  this  combines  with  hydriodic 
acid  to  form  isopropyl  iodido.^  According  to  Henry,  some  allyl 
alcohol  is  also  formed,  and  from  this  it  must  be  assumed  that 
di*iodhydrin  is  first  formed,  and  that  ibis  splits  up  into  iodine 
and  allyl  alcohol,  which  latter  is  then  changed  into  the  iodide.* 

Suijihafi's  of  Prcq^cnyL  Only  the  acid  ethereal  salts  are  known. 
Pelouze  obtained  one  of  these,  which  he  termed  ghjcciim  Bulphuric 
acid,  CjjH^(0H)^S04H,  by  dissolving  one  part  of  glycerol  in  two 
parts  of  sulphuric  acid.  He  then  neutralized  with  lime,  and 
obtained  the  easily  soluble  calcium  salt,  crystallhsing  in  needles, 
and  by  decomposing  this  with  oxalic  acid  he  obtained  the  free 
acid  in  solution,  which  possesses  an  acid  taste,  but  is  very  un- 
stable, decomposing  by  moderate  concentration  in  a  vacuum 
even  below  0*  into  glycerol  and  sulphuric  acid.  Its  salts  are 
also  very  unstable.^ 

Acid  Pro}X7iyl  Trisulphate,  CJi^{SOJl)^,  h  formed  by  the 
action  of  chlorsulphonic  acid  on  glycerol,  and  is  a  snow- white, 
very  hygroscopic,  crystalline  mass.  Its  acid  solution  is  easily 
converted  into  acid  pro-penyl  disuiphatc,  CjH^(OH)(SO^H)y 
Both  aoids  form  amorphous  salts,* 

Propcnyl  MoiwnUmtc^  C3H^(OH)^N03,  is  obtained  by  the 
action  of  dilute  nitric  acid  on  glycerol  It  is  a  liquid  easily 
soluble  in  water,  and  very  difficultly  soluble  in  ether,  which  does 
not  explode  on  percussion.^ 

704  Propcnyl  TrinUraie  or  TrinUrin,  C^HjlTH^O^y  This  com- 
pound, which  is  commonly  know  n  under  the  name  o(miro-ylycerine^ 
was  discovered  by  Sobrero,  who  obtained  it  by  dissolving  glycerol 

*  Krlenmeyer,  Ann,  Ch^m  Pkarm,  cxzziz.  2ll» 

*  Ber,  iMuisch,  Ch^nn.  QtJt.  xiv.  403* 

*  Ann.  Chim.  Phys.  IxiiL  21, 

*  Claessoii.  Jouj-n,  PraH.  Chan.  [2],  XX,  4. 
■  Haiiriotp  A  tin,,  Chim,  Phys,  [5],  xviL  118. 
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ill  a  mixture  of  nitric  and  sulphuric  acids.  Amongst  its  properties 
hfi  noticed  that  a  small  quantity,  when  brought  under  the  tongue, 
produces  a  violent  headache.*  The  vapour  produces  the  same 
effect,  though  it  has  been  noticed  that  this  ceases  after  a  time 
in  the  eiLse  of  workmen  who  are  exposed  to  its  influence.  Nitro- 
glycerine was  for  some  time  employed  in  America,  and  knowTi 
as  glonoin-oiL  The  composition  of  this  substance  was  first 
ascertained  by  WiEiamson,  who  noticed  that  on  boiling  with 
caustic  potash  it  is  converted  into  nitric  acid  and  glyeerine.- 
Its  properties  were  more  fully  examined  by  do  Vrij*  and 
E.  Kopp,*  and  its  use  as  an  explosive  was  suggested  in  1867 
by  Nobel® 

Preparaticm. — Many  receipts  are  given  for  preparing  this 
substance.  According  to  Nobel  it  is  best  made  by  allowing  one 
part  of  glycerine  to  flow  in  a  thin  stream  into  a  w^ell-cooled 
mixture  of  four  parts  of  sulphuric  acid  and  one  part  of  pure 
concentrated  nitric  acid,  the  mixture  being  contained  in  a 
wooden  vessel  Imed  with  lead,  from  which  the  product  is  allowed 
to  flow  into  a  large  tank  placed  at  a  lower  elevation,  holding 
several  tons  of  water.**  Or  the  mixture  of  acid  and  glycerine 
may  be  allowed  to  stand  quietly,  when  the  nitro-glycerine 
collects  at  the  botti:>m  as  a  heavy  layer.^ 

In  large  dynamite  works  as  much  as  1,500  pounds  of  nitro* 
glycerine  is  made  in  one  operation.  Should  the  chemist  be 
unable  to  contrul  the  action,  w^hich,  unless  care  be  taken,  is  apt 
to  become  violent,  he  runs  the  charge  int-o  water,  and  thus  stops 
the  reaction  by  dilution.  During  the  process  of  mixing  the 
acid  and  glycerine^  the  charge  bag  to  be  constantly  mixed  by 
stirring,  and  this  is  so  effected  by  machine  power  as  to  be  under 

I  the  control  of  the  operator,  so  that  neither  speed  nor  quantity 
can  be  exceeded.  The  nitro-glycerine  next  requires  to  be  well 
washed  with  water  to  free  it  from  acid»  and  this  is  effected  by 
blowing  air  through  the  mixture  contained  in  the  washing-tanks. 
Great  care  and  special  precautions  are  necessary  in  this  manu- 
facture, for  until  the  nitro-glycerine  has  been  absorbed  by  the 
Kieselguhr  used  for  the  preparation  of  dynamite  (see  p.  361), 
it  is  a  most  dangerous  substance,  exploding  with  frightful  force 


I 


1  Compt,  liffid,  xxiv.  247.  '  Frtte.  Eoih  Soe,  vii.  130. 

•  Ch4m.  Ceniralb,  1855,  670.  *  Cmn}>t.  Jtetut  Ixiii.  189, 

*  Dtngler's /Vi^i/f.  Journ.  clixriii.  221.  *  lb.  ccxxu  274* 

'  BfT,  J}€uL<trh.  Chfvu  Oes.  ix,  1800  ;  Wftgner.  Jahrtsb,  1879»  406  j  1880,  875; 
lee  •Iao  CkneemnuiU  Jlepon  on  Sxplwivts,  1874. 
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on  even  slight  percussion.  In  the  form  of  dynamite  it  is  however 
much  less  liable  to  accidental  explosion. 

Nitroglycerine  is  a  %ht*yelIow,  heavy,  oily  liquid,  having  a 
specific  gravity  of  1*6  at  la^  It  has  a  sweet,  burning  taste,  and  is 
insoluble  in  water,  but  dissolves  in  alcohol,  and  still  mnre  readily 
in  ether.  It  crystaUizes  at  -  20**  in  long  needles  (Champion).  It  is 
poisonous,  but  the  lethal  dose  is  a  considerable  one.  About  tea 
drops  produce  poisonous  symptoms  in  the  human  subject,  though 
they  do  not  act  fatally.'^ 

It  is  not  easily  inflammable,  and,  when  ignited,  bums  without 
explosion.  When  poured  on  to  a  tolerably  hot  surface  it 
evaporates,  but  when  dropped  on  to  one  more  strongly  heated, 
a  violent  explosion  takes  place.  A  temperature  of  257"*  produces 
the  most  violent  effect,  the  explosion  becoming  less  at  higher 
temperatures,  and  when  dropped  on  to  a  red-hot  plate  the  mass 
becomes  spheroidal,  and  burns  >^4thout  explosion.^ 

The  explosive  effect  of  nitro-glycerine  oti  percussion  is  however 
for  more  violent  than  that  produced  when  it  is  simply  heated 
(Abel).*  The  statement  that  it  is  more  readily  explosive  under 
percussion  in  the  solid  than  in  the  liquid  state  appears  from 
Beckerldnn's  experiments  not  to  be  correct,*  and  the  frightful 
accidents  which  have  occurred  from  the  explosions  of  the  solid 
mass  api>ear  to  have  been  simply  brought  about  by  carelessness. 
The  change  which  takes  place  during  the  explosion  is  represented 
by  the  following  equation :  ^ 

2C,H^(N03)3  =  6CO2  +  5H,0  +  3N,  H-  O. 

NitTo-glyceriDe,  when  pure,  can  be  presen-ed  without  decom- 
positioD,  but  if  it  is  not  washed  completely  from  acids  it 
gradually  decomposes  with  formation  of  oxtdic  acid,  glyceric 
acid,  and  other  products.*  Caustic  alkalis  cause  the  re-formation 
of  glycerine.  This  is  also  formed,  together  \v4th  nitric  oxide,  by 
the  action  of  concentrated  hydrioJic  acid  upon  nitro-glycerine/ 

705  Nitro-glycerine  was  first  known  in  the  pure  state  under 
the  name  of  JVoWs  ea^plosivc  oil,  used  largely  for  mining  and  other 
operations.     Owing  to  the  many  accidental  explosions  which 

1  Schuchhftrd»  t/aAif<j5.  1866,  525. 

*  Kopp,  Dingl.  FofyL  Journ.  vXjxxH.  237  ;  Champion,  Bulh  Soc  Chinu  [2], 
xvi.  86y  ;  see  aIbo  Gi>nip-Be»aiiez,  ^im.  Chrtn.  Phnrm,  clviL  289. 

«  Phil.  Trans.  1869  ;  Ch^m.  Soe.  Jourtt,  xxiii.  41. 

*  Jakr<k<h,  1876,  1106, 

*  Bt^rtholot,  Foree  dc  la  PoudrCf  Ac,  160. 

*  Miilkrninl  Warren  de  la  Ru*:,  Ann,  Cfhem*  Fharm.  dx-  X22. 
'  MUls,  JiAim.  PnikL  Chcm.  xciv.  408. 
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occurred  in  its  use  and  during  its  transit,  the  carriage  of  this 
material  was  forbidden  in  many  places,  and  therefore  Kopp 
suggested  that  it  should  be  manufactured  on  the  spot  where 
it  was  to  be  used,  and  Nobel  introduced  a  product  termed 
methylated  explosim  oil,  consisting  of  a  solution  of  nitro-glycerine 
in  woocl-spirit,  which  will  not  explode  on  percussion.  On  addition 
of  water  or  by  evaporatiug  ofif  ilie  wood -spirit /the  nitro-glycerine 
can  again  bo  obtained.  This  being  a  liquid  ia  inapplicable  for 
many  purposes,  an^l  Nobel  succeeded  in  preparing  a  much  more 
useful  material,  which  can  be  forwarded  from  place  to  place 
without  danger,  though  still  possessing  the  explosive  power 
of  the  original  nitro-glycoriue.  This  substance  is  known  in 
commerce  as  dynamite.  Dynamite  consists  of  a  mixture  of  three 
parts  of  nitro-glyceriue  and  one  part  of  Kieselguhr  {Vol.  I,,  p.  566), 
this  latter  being  a  finely-divided,  infusorial,  silicious  earth, 
which  has  a  high  absorptive  power,  and  is  capable  of  taking  up 
the  nitro-glycerine  without  becoming  pasty,*  The  Kieselgubr 
is  first  heated  in  order  to  destroy  organic  matter,  and  on  cooling 
the  nitro-glycerine  is  added,  the  mixture  being  made  in  leaJen 
vessels  with  wooden  beaters.  Cartridges  made  of  parchment 
paper  are  filled  with  this  material,  and  the  cartridge  is  fitted  in 
the  ordinary  way  with  a  detonating  fuse.  Dynamite  is  far  safer 
than  the  pure  nitro-glycerine,  as  from  its  softness  it  yields  to  an 
accidental  blow,  and  is  therefore  not  so  liable  to  explode  as 
nitro-glycerine  itself 

From  recent  experiments  it  appears  that  the  energy  developed 
by  the  explosion  of  one  ton  of  nitro-glycerine  is  equal  to  6-*, 452 
foot-tons,  that  of  dynamite  being  equal  to  45,675  foot-tons. 
According  to  the  above  reaction  the  theoretical  initial  pressure 
exerted  by  nitro-glycerino  on  exploding  is  from  six  to  seven 
times  that  of  gunpowder* 

In  order  to  exhibit  tlie  non-explosive  character  of  dynamite 
under  ordinary  percussion,  the  following  experiments  have  been 
mada  A  barrel  containing  540  kilos,  of  dynamite  was  allowed 
to  fall  from  a  height  of  twenty  feet  oo  to  a  paved  road  witltout 
explosion  occurring,  A  weight  of  ten  kilos,  was  allowed  to  fall 
from  twenty  feet  on  to  a  dynamite  cartridge,  when  it  was  simply 
flattened.  In  another  experiment  seven  and  a  half  kilos,  of 
dynamite  contained  in  a  cask  was  ignited  by  means  of  a  burning 
cigar.  The  dynamite  burnt  WT:th  a  bright  flame,  but  the  barrel 
was  not  blown  to  pieces  or  even  burnt.  In  the  same  way  a  tin 
>  JHngl  Polyt.  Joum,  cxc.  124. 
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box  containmg  dynamite  was  thrown  into  a  common  fire  without 
any  evil  effect  being  produced,  the  d)raamite  simply  bumingA 
If,  however,  djmamite  be  exploded  by  means  of  a  percussion 
fuse  containing  fulminating  mercury,  it  produces  powerful 
explosive  effects,  even  when  placed  on  an  open  surface ;  balks 
of  timber,  iron  cyliuders,  and  masses  of  granite,  can  in  this  w^ay 
be  broken. 

A  number  of  other  nitro-glycerine  preparations  have  been 
suggested.  These  are  known  under  the  names  of  Lithofiracteur, 
Dualin,  Blasting  Gelatine,  &c.  They  produce  the  same  effects  as 
nitro-glycerine,  and  are  obtained  by  the  addition  of  this  body  to 
nitrated  sawdust,  gunpowder,  nitrates,  guncotton,  and  other 
materials. 

According  to  the  statements  of  Nobel  the  production  of 
djmamite  increased  from  eleven  tons  in  1807  to  3,120  tons  in 
1874.^  At  the  present  moment  it  is  even  larger,  as  appears  from 
the  fact  that  in  1880  the  total  European  production  of  glycerine 
amounted  to  about  9,000  tons*^ 

706  MoriocMordmilrin,  C^fil(liO^^.  This  is  obtained  by  the 
action  of  monochlorhydrin  on  a  mixture  of  concentrated  nitric 
ajid  sulphuric  acids,  or  by  allowing  concentrated  nitric  acid  to 
drop  into  enichlorhydrin  well  cooled  with  ice : 


CHjCl 


A 


CHjCl 


(1)   CH 

!    / 


\o 


+     NOjOH    =    CH.O.NO, 
CHj-OH 


CH,C1 
CH.O.: 


CHjCl 


(2)    CH.O.NOt  +  NO.,OH  +  CH.O.NOj  +  H,0 
CHjOH  CHj.O.NOj 


It  is  an  oily,  easily-inflammable,  but  not  esplosive  niateriaL 

a'DicklorTnoTumitrin,  CHjCl.CH(N03)CH4Cl.  is  obtained  by 
tbe  action  of  a  mixture  of  sulphuric  and  nitric  acids  on  the 
corresponding  dicldorhydrin.    It  is  a  compound  similar  to  the 


1  Ber.  DeuUck.  Chem.  Get.  ix,  1802. 

*  ManU.  Seienlif.  [3],  vi.  248  ;  see  also  Engels,  Wa^nir'l  JdhrtA.  18S0,  378. 

■  H'ojpMr'a  Jahrtibtriehl,  ISW,  <47. 
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foregoing,  and  boils  with  decomposition  at  a  temperature  of 
180'— lOO'.A 

fi.-Dichlomitrin,  CH^CI.CHCl.CHj(NOg),  is  an  oily  liquid 
which  has  a  jieculiar  aromatic  smell,  sweet  taste,  and  boils  at  ISO''.* 

TJie  Phosphaks  of  Prvpcni/L  Of  these  only  the  dibasic  glycerol 
phosphoric  acid,  C3H^(0H)^P0^H^,  is  knox^ia.  Tliis  was  ob- 
tained by  Pelouze  by  the  action  of  phosphorus  pentoxide  or 
metaphusphoric  acid  on  glycerol^  Gobley  then  observed  that 
this  acid  occurs  in  a  peculiar  compound  contained  in  the  yolk 
of  egg  and  in  the  brain/  and  since  that  time  it  has  been  found 
that  this  latter  compound  is  not  only  contained  in  the  animal 
but  is  also  widely  distributed  in  the  vegetable  kingdom  (see 
Lecithin,  p.  370).  Glycerol  phosphoric  acid  is  also  found  in  small 
quantity  in  normal  human  urine,'*  and,  together  with  a  large 
quantity  of  lactic  acid,  in  muscular  fibre.^  The  free  acid  which 
is  obtained  by  decomposing  the  easily-soluble  barium  salt  with 
sulphuric  acid  is  only  known  in  dilute  solution,  as  it  decomposes 
on  concentration. 

The  calcium  salt,  0^11^(0 H)2P0^Ca,  is  a  very  characteristic 
one.  It  is  easily  soluble  in  cold  water,  and  separates,  on  warming 
the  solution,  in  snow-white,  pearly,  glistening  tablets  or  scales, 
which  dissolve  again  on  cooUng. 

PropenylArsenUe^C^^ksfd^,  Glycerol  dissolves  large  quantities 
of  arsenic  trioxide.  Such  a  solution  has  been  used  by  calico- 
printers  for  fixing  aniline  colours,  and  tliis  contains  the  above- 
mentioned  compound,  which  may  be  obtained  in  the  pure  state 
by  heating  nineteen  parts  of  glycerol  with  twenty  parts  of 
arsenic  trioxide  until  no  further  quantity  of  water  is  evolved, 
and  then,  on  coohng,  withdrawing  the  excess  of  glycerol  by 
means  of  acetone »  In  this  way  an  amber-yellow,  fat-hke  mass 
is  left,  which  melts  at  50°,  forming  a  thick  liquid.  It  dissolves 
in  glycerol  as  well  as  in  water,  but  is  decomposed  by  this  latter 
liquid,^ 

« 
^  Henry,  Ber,  Ikutsch.  Chem.  Gt*.  iii.  847»  *  Ih.  iv.  701. 

»  Cwnpi,  Rtnd.  ixi,  718.  *  Nm.  Jnhrh.  Pharm,  ix.  161 ;  xi.  405  ;  xiL  0. 

*  SotnitjM;KewNky»  Hop}*f'SfyUr*6  Zeitsch.  i\\  214. 
>  Diakonow,  Chrm,  C*'nimMatt,  1867,  816. 
^  ScMlf,  Bulh  Soc,  Chim,  [2%  viii  99. 
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THE   FATS   OR   GLYCERIDES   (PROPENYL 
ETHEREAL  SALTS  OF  THE  FATTY  ACIDS), 

707  The  existence  of  animal  fats  naturally  attracted  the  atten- 
tion of  even  uncivilized  man,  and  the  ancients  were,  of  course, 
well  acquainted  with  their  peculiar  properties.  Still  we  know 
nothing  about  the  origin  of  tlris  knowledge  or  when  the  fats 
were  first  used  iu  the  arts.  !More  remarkable  is  the  acquain- 
tance made  by  man  iu  very  early  times  with  the  vegetable 
fata  and  oik,  as  is  shown  by  the  mention  of  the  fact  in  the  oldest 
books  of  the  Old  Testament.  The  Greeks  and  Romans  in  the 
early  centuries  after  Christ  were  well  aa^uainted  with  ulive  oil, 
as  well  as  with  almond  oil,  walnut  oil,  castor  oil,  *Scc.  These 
were  obtained  by  pressing  or  by  boiling  the  fruit  or  seeds  with 
water.  Herotlotua  and  Hipptienites  described,  in  the  fifth 
century  B.C.,  the  butter  (ffovrvpov)  which  the  Scythians  obtaine<l 
from  mai'e's  milk  by  violent  agitation,  and  Dioscorides  also  relates 
that  the  best  butter  is  obtained  from  the  fattiest  milk,  as 
sheep's  milk,  but  that  it  can  also  be  got  from  goat's  milk. 

So,  too,  the  saponification  of  animal  fats  was  known  in  early 
times  (see  Part  L,  p.  688).  It  wfis,  however,  long  believed  that  in 
tliis  process  the  whole  of  the  fat  combined  with  the  alkali,  and 
the  conclusion  drawn  from  this,  as  well  as  from  the  fact  that 
metals  are  attacked  by  fat,  was  that  these  latter  substances 
contain  an  acid. 

In  the  first  half  of  the  last  century  it  was,  ho%vever,  noticed 
that  the  fat  separated  out  from  a  soap  by  means  of  ao 
acid  possessed  different  properties  from  that  which  was  em- 
ployed in  making  the  soap,  but  the  proper  explanation  of  this 
was  not  given  until  after  Scheele's  discovery  of  the  sweet 
principle  of  oil.  This  was  liowever  accomplished  by  the  cele- 
brated investigations  of  Che\Teul,  '*  sur  les  coi^s  gras,"  begun 
in  tlie  year  1811,  in  which  he  proved  that  the  fats  are  iu  fact 
ethereal  salts. 

It  has  already  been  stated  that  most  of  the  natural  fats  are 
normal  propenyl  ethers  of  the  fatty  acids,  or  of  the  acids  of  the 
series,  Cg^ifl-a^a-  For  these  bodies  Gerhardt  introduced  the 
name  gff/cerides.  Lastly,  Berthelot  showed  that  not  only  these 
ethers,  but  also  those  which  contain  only  one  or  two  acid  radicals, 
can  be  artificially  prepared.* 

*  Ann.  Chim,  Phyi,  [3],  xlL  216. 


3 


THE  FATS  OR  GLTCERlDEa 


365 


I 


I 


Monoformin,  C^TliJ^O'SjjCHO^,  is  obtained  by  heating  glycerol 
an  J  oxalic  acid  to  190",  the  product  being  exhausted  with  etlier. 
It  is  an  oily  liquid  which  is  soluble  io  wat^r,  and  on  heating  with 
this  liquid  decoraposes  into  formic  acid  and  glycerol  When 
heated  und^-r  ordinary  pressure  it  decomposes  into  alljl  alcohol, 
carbon  dioxide,  and  water,  but  under  a  ditninished  pressure 
of  10  mm.  it  may  be  distilled  without  decomposition  at  a 
temperature  of  165**.^ 

Diformin,  C^^{OW){QWd^^.  When  the  residue  obtained  in 
the  preparation  of  formic  acid,  according  to  Lorin*a  method 
(Part  L,  p.  270)i  is  heated  to  140"  and  then  shaken  up  with  ether, 
deformin  is  obtained  in  solution.  This  substance  is  a  colourless 
Uquid  bjiling  under  a  diminished  preeaure  of  20 — 30  mm.  at 
163' — !%&".  Heated  under  the  ordinary  pressure  decomposition 
begins  abcjut  IGO^j  allyl  formate  is  formed,  together  witli  allyl 
alcohol,  formic  acid,  carbon  dioxide,  and  a  small  quantity  of 
carbon  monoxide.  It  is  easily  decomposed  by  water  with 
formation  of  formic  acid  and  glycerol,  and  when  heated  with 
anhydrous  oxalic  acid  it  readily  yields  formic  acid  and  carbon 
dioxide.  Its  formation  is  probably  one  of  the  preliminary 
processes  in  the  prepamtion  of  formic  acid  from  oxalic  acid. - 

Monacetin,  Q^}\,(S}ll)fi^^O^,  is  formed  in  small  quantity  when 
glycerol  is  allowed  to  stand  for  some  months  in  contact  with 
glacial  acetic  acid,  and  in  large  quantity  when  the  mixture  is 
heated  to  100''  for  114  hours.  The  product  is  treated  with 
carbonate  of  potash  and  a  small  quantity  of  caustic  potash  and 
then  extracted  with  ether.  On  evaporation  of  the  ethereal 
solution  the  compound  remains  behind  as  a  weak,  ethereal- 
smelling  Uquid,  having  a  specific  gravity  of  1*20. 

Diaeetin,  0^11^(0  H)(C3Hj^02)2t  is  formed  by  heating  glacial 
acetic  acid  and  glycerol  to  2(}{f — 275^  and  is  purified  in  the  same 
way  as  monacetin.  It  is  a  liquid  possessing  a  biting  taste.  It 
boils  at  280''  and  at  IS**  has  a  specific  gravity  of  1*188.  Like  the 
foregoing  compound  it  dissolves  in  a  small  quantity  of  water,  and 
on  additiijn  of  a  larger  quantity  it  becomes  turbid. 

Triac€Un,C^}i^{C^lifi^^,fippeaT3  to  exist  in  small  quantity  in 
certain  f:its^  in  cod-liver  oil/  and  the  oil  of  the  spindle-tree 
{Euonpnus  curopmts),^    These  oils  yield  on  saponitication  a  small 

'  Tollen»  anil  Hpnnin^r,  Zeit^eh,  Chefn.  lSfl0,  8S. 

*  Van  Roriib^ir«h»  Ctmipt.  Rend.  xciiL  847. 
'  Chevreiil,  /"<",  eiL 

*  de  Jontih.  Ann.  Chem^  Phann,  xItuL  8C2, 

*  Schweuser,  ib,  Ixxjl  238. 


quantity  of  acetic  acid.  Berthelot  obtained  it  by  acting  for  some 
hours  an  diacetin  with  15 — 20  piirts  of  glacial  acetic  acid  at  250**, 
and  Wiirtz  prepared  it  by  acting  with  silver  acetate  on  propenyl 
tri bromide.*  It  inay»  however,  he  most  simply  obtained  by 
mixing  one  part  of  glycerol  with  two  parts  of  glacial  acetic  acid, 
allowing  this  to  boil  gently  for  forty  hours  and  then  distilling. 
The  liquid  coming  over  between  257** — 260°  is  dissolved  in  water 
and  the  triacetin  extracted  wnth  ether.^  It  is  a  liquid  tolerably 
soluble  in  water,  possessing  a  weak,  bitter,  punp:ent  taste,  and 
having  at  S"  a  specific  of  M74,  and  it  boils  at  267''— 268^ 

AcHmhlorhydrin  or  Chlormonaccfin,  C3H5C1(0H)C2H302,  ifl 
obtained,  together  with  dichlormonacetin,  by  the  action  of  acetyl 
chloride  on  glycerol,'*  or  by  heating  eptchlorbydrin  with  glacial 
acetic  acid  to  lOOV  It  is  a  liquid  smelling  like  acetic  ether  and 
boiling  at  250^ 

Acd'dicJdorhydnfi,  or  jS-IHchloradin,  CH.Cl.CHCLCH^ 
(C^HgO^V,  is  best  obtained  by  the  union  of  acetyl  cldoride  with 
epichlorliydrin,  and  is  a  pleasantly-smelling  hquid  boiling  at 
202''— 203V  The  isomeric  a'dkhloraectin,  CH^Cl.CHCCgHsOj). 
CH^Cl,  is  formed  by  the  action  of  acetyl  chloride  on  a-dichlor- 
hydrin,  and  boils  at  19-t'— 195^* 

DicbcttoiMorkydrin,  or  Monochlordiacetin,  CBJ^lQ^{0^fi^, 
CH/C2H.PJ,  is  formed  by  the  action  of  acetyl  chloride  on 
equal  volumes  of  glacial  acetic  acid  and  glycerol  (Bert helot  and 
de  Luca),  or  by  heating  epichlorhydrin  with  glacial  acetic  acid 
to  180°: 


CH.Cl 


A. 


> 


CH,a 

I 

CH.OC2H30 

CHj.OC,H,0 


It  is  a  faintly-smelling  hquid  boihng  at  245*, 

The  hit}fri7i^  and  vaierins  are  oily  liquids.  TrihuUfrin^ 
CgH^CCj  11-02)3,  occurs  in  butter,  and  is  a  neutral  liquid  possessing 
a  sharp,  bitter  taste.  Trivalmn,  CjHj.(C5H90j)||,  is  contained  in 
dolphin  oil,  and  has  a  weak  but  unpleasant  smell. 


1  Ann.  Chim.  Phys.  [3],  IL  97. 

'  Schmidt,  Liebw's  Ann,  cc.  97, 

'  Rcrtlielot  mid  de  Uuca,  Ann.  Chim.  Fkys.  [3],  lit  iS3. 

<  Reboid,  Ann.  Chim,  Fhifs.  [3],  li.  49, 

»  Truchot,  Compt.  Rend,  IxL  1170. 

•  Henry,  Ber,  ZMuUch,  Chcm,  Qu.  iv,  70i, 
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The  sources  of  the  following  normal  propoayl  ethereal  salts 
will  be  found  under  the  corresponding  fatty  acids  as  well  aa 

under  the  fats. 

M.P. 
Trilaurm,  G^^J,Ovi^jy^^  Needles.  iS** 
Trimyrisim,    C^B,^{Q^fi^O^)^        Plates,  55' 

708  Mfmopalmitin,  C^J^G^jLL^^O^^fJECj^,  occurs  when  palmitic 
acid  is  treated  with  an  excess  of  glycerol  and  the  mijcture  heated 
for  twenty^four  hoiirs  to  200''.  After  removal  of  the  gycerol 
the  product,  wliich  still  contains  palmitic  acid,  is  fused  and 
mixed  with  etlier  and  a  small  quantity  of  slaked  lime  and  heated 
for  an  hour  to  100'',  and  the  monopalmitin  is  then  extracted  by 
ether.  This  method  of  purification  is  used  in  the  preparation 
of  other  artificial  glycerides  of  the  higher  fatty  acids  (Berthelot). 
Monopalmitin  crystallizes  in  needles  which  melt  at  58**. 

DipalviUin^  C^JiP'^^^fi^Jd^^  was  obtained  by  Berthelot 
by  heating  glycerol  with  an  excess  of  palmitic  acid  for  114 
hours  to  100''.     It  forms  microscopic  scales  which  melt  at  59^ 

Tripalmiiin,  Cfit^{0^fi^^O^^^  is  obtained  from  palm  oil,  or, 
better^  from  C*hinese  vegetable  wax  (from  SiiUmg^ui  schi/cra)  by 
first  pressing  out  and  then  repeatedly  treating  it  with  hot  alcohol 
and  recrystallizing  the  residue  from  ether.^  It  is  also  formed 
when  monojialmitin  is  treated  with  an  excess  of  palmitic  acid, 
and  the  mixture  heatetl  to  250^ — 270''  for  eight  hours.  It  forms 
pearly,  glistening  crystals,  melting  at  SO'^^o,  which,  on  further 
heating,  again  crystallize  and  then  melt  at  66^'5  (Maskelyne). 

Monostearin,  C^J^Gi^^O^{0'B.)^,  is  prepared  by  heating 
equal  parts  of  glycerol  and  stearic  acid  for  about  thirty-six 
hours  to  200"  in  a  senled  tube.  It  forms  white  needles  melting 
at  or  and  solitlifying  at  60'  (Berthelot). 

Didcariti,  (\^^(Gi^ll^0^fiR,  If  one  part  of  monostearin 
be  heated  with  three  parts  of  ste<iric  acid  for  three  hours  to 
260°,  white  microscopic  himinge  of  this  compound  separate  out 
These  melt  at  58""  and  solidify  at  55*, 

709  TriMtarin,  C3H^(CjgHaT,0^3»  occurs  in  a  greater  or  less 
degree  of  purity  in  many  natund  fats  from  which  it  may  be 
obtained  by  repeated  crystallization  from  ether.  The  stearin 
obtained  by  Chevreul  by  repeated  crystallization  of  mutton  suet 
consisted  of  a  mixture  of  triatearin  and  tripalmitin.  Lecanu 
found  that  the  melting-point  was  raised  to  62°  when  it  was 

*  Journ,  FraX't,  Ch^m*  ]xv.  291, 
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reciystallizcd  from  a  small  quantity  of  ether.  Duffy  then 
obser\^ed  iliat  tbe  melting-puint  rose  to  6Q**'7  when  large 
quantities  of  ether  are  eraplojed  and  tbe  whole  recrystallized 
thirty-two  times.^  But  this  product  also  contains,  according 
to  Heintz,  a  certain  quantity  of  tripalniitinj,  and  in  order  to 
obtain  tristearin,  stearic  acid  must  be  heated  with  glycerol  in  an 
atmosphere  of  carbon  dioxide  for  twenty-four  hours  to  200°,  and 
the  product  then  purified  by  Berthelot*s  process,  and  then  heated 
with  a  large  excess  of  stearic  acid  to  270""?  According  to  Bouis 
and  Pimcntel  pure  tristearin  is  obtained  by  recrystallization  of 
the  fat  from  tixe  seeds  of  BrinJonm  indica.^ 

Tristearin  is  artificially  prepared  by  heating  monostearin  with 
from  fifteen  to  twenty  times  its  weight  of  stearic  acid  in  a  tube 
to  270''  for  three  hours.^ 

Tristearin  crystallizes  from  boiling  ether  in  tasteless,  inodorous, 
pearly  tfiblets.  Like  tripalmitin,  it  possesses  both  a  variable 
and  pennanent  melting-point,  its  volume  undergoing,  under 
these  circumstances,  remarkable  changes,  which  have  been  in* 
vestigated  by  Kopp.  The  stearin  he  employed  was,  however, 
not  perfectly  pure,  and  for  this  reason  he  found  the  melting- 
point  too  low,  and  this  error  has  been  corrected  in  the  following 
remarks. 

When  stearin  is  heated  from  0"  to  55"  it  expands  from  1*0000 
to  10308  volume.  It  fuses  at  55**  and  contracts  to  a  volume  of 
1'0076»  On  further  heating  it  again  expmds  and  solidifies  at 
71°i>i  %Yhich  is  its  true  melting-point,  when  it  possesses  in  the 
soUd  state  a  volume  of  10759,  its  volume  in  the  liquid  state  at 
the  same  temperature  being  ri293.  It  solidifies  again  at  70' 
to  an  indistinctly  crystal Une  mass.  When  heated  4"" — 5"  above 
its  melting-point  it  solidifies  again  at  65"  and  then  forms  a 
waK-like  mass. 


FATS  AND  OILS. 

710  Of  these  we  shall  here  only  mention  the  more  important,  and 
especially  those  which,  in  addition  to  triolein,  contain  glycerides 
of  the  fatty  acids.  The  composition  of  these  fata  and  oils  varies 
considerably.  Some  consist  entirely  of  tripalmitin  and  triolein ; 
as,  for  instance,  olive  oil  and  Chinese  vegetable  wax,  the  latter 
being  obtained  from  the  fruit  of  Siillin^ia  sebi/cra,  a  tree  which 

*  Quart.  Jmim,  Chem,  Soe,  v.  197  •  Jnn,  Chem.  F7tarrn,  iciL  SOO. 

■  Campt,  Hend,  rliv*  1355.  *  Berthclot,  Ann.  Chim,  Phys.  [dj,  zll  216. 
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is  now  cultivated  both  in  India  and  America,  and  from  the  fat 
of  which  both  candles  and  soap  are  prepared.  Palm  oil  also 
conta,ina  these  two  glycerides,  and  probably  also  tristearin 
together  with  the  free  acids.  It  is  obtained  from  the  west  coast 
of  Africa,  and  is  derived  from  the  frait  of  certain  kinds  of  palm, 
as  MiBts  ffidneensis,  forming  an  important  article  of  commereo, 
being  imported  in  very  large  quantities  into  this  country  and 
used  for  the  manufacture  of  soap,  candles,  &c.  The  nuts  or 
kernels  of  the  fniit  yield  palm-nut  oil  which,  in  addition  to  the 
three  above-named  gtycerides,  also  contains  caproic,  caprylic, 
capric,  lauric,  and  myristic  acids. ^ 

Mutton  suet  consists  chiefly  of  tristearin  with  a  small  quantity 
of  olein  and  palmitin,  whilst  human  fat  contains  the  latter 
with  some  olein  and  stearin.  Beef  suet  contains  the  same 
glycerides  and  the  same  quantity  of  olein  as  mutton  suet,  whilst 
the  percentage  of  palmitin  and  stearin  stands  in  about  a  mean 
between  the  latter  fat  and  human  fat  (Heintz).  Lard  consists 
of  these  three  glycerides,  which  are  also  contained  in  bassia  fat, 
obtained  in  India  from  the  seeds  of  various  species  of  Bassia, 
used  in  India  as  food,  and  in  Europe  for  candle*  and  soap- 
making. 

Shea  butter,  or,  as  it  was  named  by  Mungo  Park,  galam  butter, 
is  said  to  consist  entirely  of  stearin  and  olein  ;*  this  has  a  very 
pleasant  taste,  and  may  be  kept  for  a  considerable  lengtli  of  time 
without  becoming  rancid.  It  is  prepared  from  the  seeds  of  Bassia 
parkii,  which  has  become  an  article  of  commerce  of  considerable 
importance  in  Sierra  Leone. 

Coco-nut  oil,  obtained  from  the  fruit  of  Cocas  nucifcra,  which 
grows  in  all  tropical  countries,  consists  to  the  largest  extent  of 
laurin,  together  with  the  glycerides  of  myristic,  ptdmitic.  capric, 
caprylic,  and  caproic  acids.^  Tlie  latter  five  are  also  contained  in 
butter,  together  with  tributyrin,  tristearin,  and  a  small  quantity 
of  triarachin  (Heintz).*  Goose-fat  contains  the  glycerides  of 
the  same  volatile  acids  together  with  palmitin,  stearin,  and 
olein.^ 

1  Outlemftiia,  Jahreah,  1870,  862. 
'  lb,  1863,  333. 

"  Ffhling,  Ann.  Cheni.  Fharm.  liiL  899  ;  C5argev,  ib,  Jjcvi,  290;  Oudenma*, 
Jahr^sb,  1860,  822  ;  1863,  311  ;  Bizio^  ib.  1864,  340. 

*  Urch,  Ann.  Cftem,  Fharm,  xlix.  212;  Hehner,  Fre».  Meiiseh,  xtL  145  | 
Fl<*bchtnaiin  and  Vioth,  ik  xvii.  287  ;  Reichurt,  ih.  xvili,  70. 

*  Gottlieb,  Amu  Clum,  Pharm.  ivii»  13. 
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THE    LECITHINS, 

711  Vaiiquelin  was  the  first  to  observe  that  the  substance  of 
the  brain  contains  a  phosphorettetl  fat,^  Fremy  then  showed  that 
this  yields,  on  decomposition  with  alkalis,  oleic  acid,  glycerol, 
and  phosphoric  acid,  and  to  it  he  gave  the  name  of  olco- 
pho^pkctric  acid.^  He  and  Valenciennes  also  found  a  similar 
phosphoretted  fat  in  the  flesh  of  fish/  and  Gobley  gave  to  this 
body  the  name  of  kcilhin  (from  Xifctdo^,  yolk  of  egg),  inasmuch 
as  this  same  compound  occurs  in  this  material,  and  it  is  also  con- 
tained in  ox-bile,  venous  blood,  and  other  substances.  He  was 
not  able  to  obtain  it  in  the  free  state,  but  he  showed  that  it  yields 
glycerol*phosphuric  acid,  niargaric  acid,  and  oleic  acid  as  pro- 
ducts of  decomposition.  Hoppe-Seyler  was  the  first  to  obtain 
lecithin  in  the  crystalline  condition  from  the  yolk  of  egg  and 
from  caviare,*  and  he  showed  that  this  substance  occurs  widely 
distributed  in  nature,  not  only  in  the  animal-  but  also  in  the 
vegetable-world,  occurring  in  cells  in  process  of  growth.  He 
found  it,  amongst  other  sources,  in  yeast  and  various  fungi,  in 
many  seeds,  in  all  the  orgaus  and  liquids  of  the  human  body, 
with  the  exception  of  the  urine,  gastric  fluid,  saliva,  and 
pancreatic  secretion  ;  in  the  electrical  organs  of  the  torpedo,  and 
in  large  quantities  in  the  blood  of  the  higher  forms  of  Leuco- 
cythaemia.*  It  baa  been  shown  by  Diakonow  •  and  Strecker^ 
that  lecithin  decomjioses  on  boiling  with  baryta-water  into 
choline,  glycero-phosphoric  acid,  and  fatty  acids,  of  which 
palmitic  acid,  stearic  acid,  and  oleic  acid  have  already  been 
found.  Hence  it  would  appear  that  several  different  lecithins 
exist,  of  which  di-simryl  kcithiii  has  been  prepared  tolerably 
pure.  From  the  analysis  of  this  body  Diakonow  gives  to 
it  the  formula  C^^H^NPO^,  whilst  Strecker  gave  the  formula 
C^gHjj^NPO^  to  a  lecittiin  which  on  decomposition  yielded 
palmitic  and  oleic  acids  together  with  a  little  stearic  acid. 


*  Ann.  Chim.  \xxx,  27.  60. 

2  Ann.  Chini,  Phyn,  [3],  iL  471. 

*  M€d,  Chcftu  UnUtra,  2U. 

•  Ik  1866.7L 

•  IL  ii.  221  ;  iJL  405. 

^  Ani^  Cheifv,  Pkarm,  cxlviii,  77. 
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The  following  formuliB  represent  the  chemical  constitution  of 
di-stearyl-lecithin : 


I 


f    (0Cj,H3.0), 
^Al fOH 


^0C,«H3,0 


or 


C,H,-0C,,H3,0 


\ 


\opo^ 


O.aH.OH 


1opof^ 

^^^^|OC,H,N(CH3)30H  ._  , 

Preparation. — In  order  to  prepare  lecithin,  yolk  of  egg  is  shaken 
up  with  ether  until  this  ceases  to  be  coloured,  the  residue  treated 
with  water,  quickly  washed  on  a  filter,  and  then  digested  with 
alcohol  at  50"* — 60^  The  solution  is  qtiickly  evaporated  down  to  a 
syrupy  consistency^  dissolved  in  a  small  quantity  of  absolute  al- 
cohol, and  the  filtered  sohition  cooled  in  a  freezing  mixture.  After 
some  time  stearin -lecithin  separates  out  in  nodular  masses  or 
less  frequently  in  fine  crystalline  tablets,  whilst  olein -lecithin 
remains  in  solution.  On  drying  the  former  compound  remains 
as  a  wax-like»  imperfectly-crj^stalline  mass,  which  is  very  hygro- 
scopic, and  dissolves  easily  in  ether-chloroform  and  the  fatty 
oils.  When  the  ethereal  solution  of  this  mass  is  shaken  up 
with  dilute  sulphuric  acid  the  latter  substance  extracts 
choline,  and  the  ether  contains  distcaTylglyctrQl'pkosphoTio  acid, 
G^H^iC^^B^^O^^VO^R^'  The  potassium  salt  of  this  acid  is  a 
crystalline  body  (Diakonow). 

Strecker  also  prepared  his  lecithin  from  yolk  of  egg,  extract- 
ing it  with  a  mixture  of  ether  and  alcohol,  distilling  off  the 
ether,  and  adding  alcohol  to  the  residue  in  order  to  precipitate 
the  fatty  oils  contained  in  the  egg.  On  addition  to  the  filtrate 
of  an  alcoholic  solution  of  platinic  chloride  containing  hydro- 
chloric acid  a  flocculent.  yellow  precipitate  was  throwTi  down, 
which  was  purified  by  repeated  solution  in  ether  and  preci- 
pitation with  alcohol  Analysis  then  gave  the  formula 
(C^jjHg^PNOjjCUgPtCl^,  On  passing  sulphuretted  hydrogen  into 
the  ethereal  solution  it  was  decomposed,  and  after  evaporation 
of  the  hydrochloric  acid  the  lecithin  remained  as  a  wax -like 
mass.  The  solution  of  this  in  alcohol -ether,  on  being  shaken 
with  silver  oxide,  lost  its  hydrochloric  acid,  silver  oxide  however 
being  dissolved,  which  was  removed  by  sulphuretted  hydrogen. 
On  evaporating,  the  lecithin  remained  as  a  homogeneous, 
translucent  mass. 

This  body  and  its  compouods  are  very  easily  decomposed. 
When  an  ethereal  solution  of  the  platinum  salt  is  allowed  to 
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stand,  choline,  platinum  cUoride  separates  out  gradually,  and  the 
alcohoKc  solution  of  the  hydrochloride  of  lecithin  decomposes 
after  some  time  with  separation  of  fatty  acids.  The  sohitiun  of 
free  lecithin  decomposes  slowly  in  the  cold  but  quickly  on 
heating.  Lecithin  when  brought  into  contact  with  wat^r 
increases  in  bulk  and  the  starch-like  mass  exhibits  under  the 
microscope  various  forms  of  filaments,  spherules  and  drops. 

Similar  gelatinous  forms  were  first  observed  by  Virchow 
when  nerve  fibres  are  exposed  to  the  action  of  water  for  some 
length  of  time,  and  are  known  as  myeline  forms. 

712  Frotar/on,  C^^li^^T^^PO^.  This  very  complicated  com- 
pound must  be  mentioned  here  because  it  was  formerly  confuimded 
with  lecithin  and  was  afterwards  regarded  as  being  a  mixture 
of  this  body  with  cerebrin,  a  phosphoretted  substance 
contained  in  the  brain.  Protagon  {wp<t}rayo<i  leading  the  van} 
was  first  discovered  by  Liebreich,  who  gave  to  it  the  formula 


^iie^^^i^^22-^  ^^^  existence  was  afterwards  corroborated  by 
Qamgee  and  Blankenhom,  wlio  assigned  to  it  the  above  com- 
position, remarking,  however,  that  a  definite  formula  can  only  be 
obtained  from  an  examination  of  its  decomposition-products. 

The  highest  percentage  of  phosphorus  found  in  this  body 
by  Liebreich  was  1  '5.  Gamgee  and  Blankenhom,  who  prepared 
the  substance  with  great  care  and  det-ermined  tlte  phosphorus 
with  accuracy,  found,  on  the  other  hand,  as  a  mean  of  five  well 
agreeing  analyses,  the  number  1'0G8.* 

In  order  to  prepare  protagon,  perfectly  fresh  ox  brains  are  freed, 
as  completely  as  possible,  from  b!w>d  and  atlhering  membrane, 
and  are  then  digested  for  many  hours  (18 — 24)  in  85  per  cent, 
alcohol  in  a  large  incubator  kept  constantly  at  45\  The  fluid 
is  filtered  whilst  hot  and  the  insoluble  matter  again  treated  with 
a  fresh  mixture  of  spirit,  the  proceeding  being  repeated  four  or 
five  times,  as  long  in  fact  as  the  filtrate  cooled  to  0**  deposits  a 
fair  quantity  of  a  white  floccuient  precipitate.  This  precipitate 
is  collected  on  a  filter,  and  being  thence  transferred  to  a  stoppered 
bottle  is  thoroughly  and  repeatedly  agitated  with  ether  in  order 
to  dissoh^e  cholesterin  and  other  bodies  soluble  in  ether.  The 
ether  having  been  removed  first  by  decantation  and  then  by 
filtration,  the  substance  left  undissolved  is  first  of  all  dried 
between  sheets  of  filter-paper  in  air  and  afterwards  over 
sulphuric   acid  or  phosphorus  pentoxide.     The  resulting  mass, 

*  Jnn.  Ch*:m,  Pharm,  cxxxiv.  29. 

*  Froc,  72<?y,  Soc*  xxix,  151 ;  xxx.  111. 
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which  is  anow-wliite,  is  reduced  to  powder,  moiateneJ  with  a 
H   little  water  and  digested  for  many  hours  with  alcohol   heated 

■  to  45^  From  the  filtered  liquid,  if  this  be  allowed  to  cool 
very  gradually,  the  protagon  separates  in  the  form  of  micro- 
scopic needles  mostly  arranged  in  rosettes,  the  appearance  and 
arrangement  of  which  differ  somewhat,  as  Liebreich  has  very 
exactly  pointed  out,  according  to  the  degree  of  concentration  of 
the  solution. 

The  once  crystallised  protagon  thus  obtained  is  collected  on  a 
filter,   washed   with   ether,  and   dried   first   of  all   in   air  and 

•  ultimately  over  phosphorus  pentoxide.  It  is  then  re  crystallised 
as  many  times  as  required,  the  process  always  beginning  by 
pulverizing  and  thoroughly  shaking  with  cold  ether,^ 

Like  lecithin,  protagon  produces  w^ith  water  myeline  forms, 
_    and  like  this  it  is  also  very  easily  decomposed  ;  and  amongst  its 
P  products  of  decomposition  Liebreich  noticed  choline,  fatty  acids, 
and  glycerol-phosphoric  acid. 

H  713  Ptoptmjl  Hydrosulplmlts  or  Siilphhi/drim  are  formed 
by  the  action  of  the  chlorhydrins  on  an  alcoholic  solution  of 

■  potassi  u  m  h y d  r os  u  1  ptu d  e  .^ 
Monosidphkydriii,  C<jH5(0H)^SH,  is  a  thick,  colourless  liquid 
which   possesses,  when  w^armed,  a  peculiar  disagreeable  siiielL 

I  It  is  scarcely  soluble  in  water  and  forms  amorphous  mercaptides. 
Duidphhydrin,  C^fiMi^U)^,  is  a  liquid  similar  to  the  above 
and  contains  two  atoms  of  hydrogen  easily  replaceable  by  metals. 
Tri^idphhytbnn,  C^H^(SH)3,  is  a  colonrless  liquid  much  more 
mobile  than  glycerol  and  possessing  an  unpleasant,  ethereal 
smell*  The  salts  of  the  heavy  metals  yield  flocculent  precipitates 
with  its  alcoholic  solution. 

■  Propenyl  Mamsidphmiic  Aeid,  C^Hf/OH^^SO^^H,  it  obtained  by 
oxidizing  monosulphhydrin  with  nitric  acid.  It  is  a  gum-like, 
dehquescent  mass,  whose  salts  crystallize  with  difficulty  (Carius), 

■  Pro^fenyl  Disidphonic  Acid,  C^KfiYLi^O^^,  The  potassium 
sak  is  easily  formed  when  a  concentrated  solution  of  ntimial 
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*  Gftiiiijee,  Phn$Mo{)kji!  Ohnniatry  qf  the  Animal  Btyfy,  vol.  i.  427. 

*  Ciitiua  and  Ferrein,  Ann.  Chern.  Pftarm,  crxii.  71  i  Carius,  ib,  cixir.  221. 
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potassium  sulphite  is  boiled  with  dichiorhydrin '  or  epichlor- 
hydrin**  It  forms  large  rhombic  crystals  Iiaving  the  formula 
C^H^jO (SOy K)3+2HgO.  When  its  concentrated  solution  is  treated 
with  barium  chloride  the  barium  salt,  C3H(jO(SOj,)^Ba+2H^O, 
separates  out,  on  standing,  in  warty  concretions.  If  this  be 
decomposed  with  sulphuric  acid  and  neutralized  with  lead 
carbonate,  the  lead  salt,  CJi/y{S0^\Fh^2}ip,  is  obtained. 
crystallizing  in  large,  easily-soluble  crystals.  By  the  action  of 
sulphiirreted  hydrogen  on  the  lead  salt  the  free  acid  is  obtained 
as  a  hygroscopic  syrup* 

Pnypcnyl  Trlsulphmiic  Acid^  C^^JSO^W}^,  When  trichlor- 
hydrin  is  boiled  with  a  solution  of  potassium  sulphite,  it  gradually 
dissolves,  and  on  evaporation  an  imperfectly  crystaUine  mass 
separates.  This  contains  chlorine,  and  is  probably  a  double  salt 
of  potassium  chloride  and  fiotassium  propenjl  trisulphonate,  and 
it  ia  not  decomposed  into  its  constituents  by  recrystallization. 
When  heated  with  sulphuric  acid  in  order  to  drive  off  the 
hydrochloric  acid  and  neutralized  with  barium  carbonate,  barium 
prapmi/l  trisidphonaie,  {Cfi^)^(SO^^a^  is  deposited  as  a  diffi- 
cultly-soluble powder  fSchaliffelen), 

Chlorhi/drin  Sul phonic  Acid,  C3HgC](0H)S0jjH,  is  formed 
by  heating  epichlorhydrin  with  acid  sodium  sulphite.  The 
sodium  salt,  CgHgCKOHjSOaNa  +  2H2O,  thus  obtained  foims 
large,  monoclinic  crystals.  The  free  acid  is  obtained  by  decom* 
posing  the  alcoholic  solution  of  the  sodium  salt  with  oxalic  acid. 
It  is  a  deliquescent  synip  which  forms  salts  usually  cr^'stal- 
lizing  well.^  When  the  sodium  salt  is  heated  with  sodium 
sulphite,  sodium  propenyl  disulphoaate  ia  formed  (Paschke). 
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714  Fropmif!  Ni/droxydiuminc  or  Diamidoh^dmi,  C^l 
(NH^gOH.  This  body  is  formed,  together  with  glycidamine, 
C3H^(NH2)0.  when  dichlorhydrin  is  heated  with  a  one-per-cent. 
solution  of  alcoholic  ammonia.  Wlien  the  solution  is  evaporated 
the  hydrochloride  of  the  first  base  is  formed.  In  order  to  separate 
it,   the  liquid  is  allowed  to  stand  over  ether  until  the  free 

*  Schftiiffelen,  Anr^  Chem,  Ph^rm.  cilviiu  111. 
«  Paschke,  Joum.  Prakt.  Chtm.  [2]^  i.  82. 

•  DartiialMter,  Ann,  Ufysm,  Pkann,,  cxlviiL  125. 
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ammonia  has  diisappcarciL  If  more  ether  be  gradually  added,  a 
small  quantity  of  sal-ammnaiac  is  first  thrown  down,  then 
hydrochloride  of  diamidohydrin,  and  lastly  the  glycidamine  salt, 
which  erysiahizes  in  needles  or  prisms  if  the  materials  are 
anhydrous ;  otherwise  it  is  formed  as  a  syi'up,  as  it  is  excessively 
hygroscopic. 

If  dichlorhydrin  be  heated  with  strong  alcoholic  ammoniai 
chhrkydrmimidt,  Cj^H^NgClO^,  is  formed,  a  wliite  amor|>hous 
mass  which  swells  up  with  water  to  form  a  voluminous  jelly.* 

Proptnyl  Triamine,  Cj,Hj^(NH^)tj  is  obtained  by  the  reduction 
of  the  corresponding  nitro-comp«3uncl ,  to  be  described  hereafter* 
It  is  an  oily,  unpleasantly-smelliug  liquid,  the  hydrochloride 
forming  a  white  crust  and  yielding  a  platinichloride  crystallizing 
in  octohedrons. 

Prop€}i}/I  Tn  methyl  Arnrnonium  Chloride,  l^{CH^fi^B.^{OB)f;i, 
is  formed  by  heating  chlorhydrin  with  trimethykmine.  It  is 
deposited  in  needles  easily  soluble  in  water  and  its  platinichloride 
crystallizes  in  orange-red,  rectangxilar  tables.* 

Triniiropropane,  C,H^(NOg)j|,  is  formed  by  the  action  of  silver 
nitrite  on  tribromhydrin.  It  is  a  heavy,  yellow  oil,  boiling 
between  190^  and  200^  and  yielding  with  alcoholic  potash  the 
compound  CjHgKjtNOj)^  which  is  a  white  powder  soluble  in 
water." 


GLYCERIC  ACID,  or  DIOXYPROPIONIC  ACID, 

715  This  substance  was  obtained  by  Debus  *  and  Sokolow  * 
by  oxidizing  glycerol  with  nitric  acid.  It  is  also  formed  wlicn 
glycerol  is  beated  with  bromine  and  water,  or  when  calcium 

»ch!orlactate  is  treated  in  aqueous  solution  with  silver  oxide  :• 
ClCHj.CH(OH)C0jv 
>Ca    + 
-        ClCHj.CH(OH)CO/ 
I       (OH}CHj.CH{OH)COjv 
>  ( 


(OH)CHrCH(OH)COj 


/ 


Ag,0 


Ca     4     2AgCl. 


H,0    = 


*  Gaus,  Ann.  Chtm.  Pharm.  clxviii.  2fl, 

»  T,  Meyer,  Bcr.  Deutsck  Chem.  Ges.  il  ISft  ;  HanTiot,  Ann,  CKim,  Phyjt,  [5], 
XTii.  »9,  •  BmckebuiMjh,  Ber.  Dtutsch,  Chcm,  (7eA  ri.  3289. 

*  Ann,  Chem,  Pharm.  cvi  79 ;  cix.  227.  •  Ih.  cvi,  95. 
'  Frank,  lb.  ccvi  338. 
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lu  order  to  prepare  glyceric  acid  a  long  cylinder  is  filled  with 
equal  parts  of  nitric  acid,  glycerol,  and  water,  and  the  reaction 
wliich  tiikes  place  after  some  little  time  is  allowed  to  go  on 
without  the  aid  of  heat.  The  product  of  this  reaction  is 
concentrated  on  a  water-bath  and  then  converted  into  the 
calcium  salt  (Debus)  or  lead  salt,^  from  which,  by  means  of 
oxalic  acid  or  sulphuretted  hydrogen,  as  the  case  may  be,  the 
free  acid  is  separated.  This  rtmiains,  on  evaporating  the 
solution,  as  a  strongly-acid  syrup,  which  on  standing  deposits 
small  needles  of  the  anhydride  C^Hfi^  whose  molecular 
formula  is  doubtless  a  multiple  of  this,  Tliis  is  difficultly 
soluble,  even  in  boiling  water,  and  crystallizes  from  it  in  thin 
six-sided  prisms.  Boiling  water  converts  this  anhydride  only 
slowly  into  glyceric  acid,  and  tliis  takes  place  more  quickly  in 
presence  of  a  small  quantity  of  milk  of  lime.*  On  dry  distil- 
lation, water,  formic  acid,  acetic  acid,  and  pyroracemic  acid  are 
first  given  off;*  and  then  pyrotartaric  acid,  its  anhydride  and 
other  poducts.* 

When  distiEed  with  acid  potassium  sulphate,  pyroracemic 
acid  is  formed  in  large  quantity :  * 


CH.OH    =    CO 


CO5H  CO, 


-h    H,0, 


H 


Glyceric  acid  is  monobasic,  and  forms  salts  which  usually 
crystallize  welh 

Calcium  Glyceraie,  (CgH^O  J^jCa  -h  SH^O,  is  deposited  in  crusts 
tolerably  soluble  in  water.  Sironfinm  Glyccrate,  {^^J^^^t, 
is  almost  insoluble  in  cold  water,  but  dissolves  readily  in  hot 
water,  and  deposits  in  crystals  united  in  warty  concretions.  Lead 
Glj/cercUe,  (C^Hfi^^V'hf  is  difficultly  soluble  in  cold,  but  readily 
soluble  in  hot  water,  and  crystallizes  in  hard  crusts, 

716  Efkyl  Glycerate,  Gi^^O^{Q^^,  is  formed  when  glyceric 
acid  is  heated  for  some  hours  to  lyO"" — -190°  vnih  four  times  its  bulk 
of  absolute  alcohol     It  is  a  tldck  liquid  having  a  bitter  taste,  and 


*  Beilstem,  Ann.  Chem.   Pharm.  exi,  220  j  Mulder,  B^.  IkittacK  Chcm,  Gt», 
ix.  1902. 

»  Sokolow,  Ih,  %i.  679. 

*  Moldenhauer*  Ann.  Chem.  Pharm.  crxxi,  328. 

*  But  linger,  ib.  cxcvi   92. 

'  Erlenmcyer,  Ber.  IktUsch,  Chem,  Oes.  xiv.  320, 
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boiling  between  230*" — 240^  By  the  action  of  nitro-sulphuric 
acid  it  is  converted  into  the  nitrate,  CjHjj(N03)jC02.C2H^  a 
heavy,  oily,  eadly-combustible  liquid* 

ff-DichlorprGpimic  Acid,  CH^Cl.CHCLCOjH,  is  formed  by 
oxidizing  the  corresponding  chlorhydrin,  and  its  chloride  is 
obtained  by  the  action  of  phosphorus  chloride  on  glyceroL  It 
cryst-allizes  in  small  needles,  melts  at  50°,  and  boils  with  decom- 
position at  210''.  On  acting  with  absolute  alcohol  upon  the 
chloride  ethi/l  fi-dkMarpropionaU,  CjH3Cl202(CgH j,  is  formed,  a 
liquid  boiling  at  183"— 184*. 

^'Dih'imjyropimiic  Acid,  CHgBr.CHBr.CO^H,  is  obtained  by 
oxidizing  ^-propenyl  dibromhydrin  with  nitric  acid,^  and  it  is 
also  formed  w^hen  a-dibrompropionic  acid  is  heated  to  100"  for 
eight  days  with  fuming  hydrobrouiic  acid.^  It  is  tolerably  soluble 
in  water,  and  crystallizes  in  two  forms  which  can  be  produced  at 
pleasure  by  bringing  the  fused  acid  in  contact  with  the  one  or 
the  other.  The  more  stable  form  crystallizes  in  tables,  which 
melt  at  64".  Heated  to  a  higher  point,  the  second  modification 
is  formed,  and  this  raelts  at  51";  it  forms  compact  prisms,  which 
when  kept,  pass  into  the  first  form.'*  Both  modifications  belong 
to  the  monoclinic  system^  The  salts  of  the  acid  are  but  slightly 
stable,  and  are  easily  converted,  with  formation  of  a  metallic 
bromide,  into  bromacrylic  acid. 

Amid9glyc4^rol  or  Serin,  Cfi^{OB)(^U^CQ^,  is  f.^irmed  by 
boiliug  serecin  or  silk-subst4ince  with  dilute  sulphuric  acid.  It 
crystallizes  from  hot  water  in  har<l  oblique  prisms  having  a  faint 
sweet  taste*  In  its  chemical  relations  it  agrees  with  the  other 
amido-acids ;  it  yields  glyceric  acid  on  treatmeot  with  nitrous 
acid* 


K 


BUTENYL  ALCOHOL,  C,H,(OH)s. 


717  It  has  already  been  stated  (p.  166)  that  acetaldebyde  is 
converted,  with  loss  of  water,  into  crotonaldehyde,  and  that  this 
unites  with  hydi'ogen  to  form  crotonyl  alcohol,  CH^.CH" 
CH.CH3.OH1,  butyraldehyde  and   normal    butyl    alcohol   also 

1  Ht*nn%  Ber,  Dtut^h.  CMm.  Ga.  iv,  705, 

*  iliinder  and  ToHenfl,  Ann.  Chtm,  Pftami.  cixvn.  222. 
»  Phillipi  aud  ToUena,  ih.  dxxi.  337. 

*  Liiiuutimnti  and  PenI,  Ber.  3etUsch.  Ch^m,  Ck$,  viiL  1000  :  Tolleua,  i&,  1148, 
1452. 

•  Zepharovieh,  JahrenK  Chcm*  1878,  608. 

•  Cramer,  Jahrab,  1865,  655. 
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being  formed.  The  crotonaldehyde,  which  will  be  described 
later  oo,  combines  with  a  molecule  of  bromine  to  form  hutaiyl 
dibromhpdrin,  CHg.CHBr.CHBr.CHgOH,  and  this  when  heated 
with  a  large  quantity  of  water  is  converted  into  hUenyl-giycerol, 
CH3,CH(0H),CH(dH).CH,0H.  This  is  a  thick,  sweetish- 
tasting  liquid,  which  boils  under  a  diminished  pressure  of  27  mm. 
at  172"— 175°.  Wlien  heated  with  acetic  anhydride  to  150"* 
the  tricLcetin,  C^H^(C^,H^O^)^  is  fonned,  a  somewhat  thick  liquid, 
having  a  weak  but  pleasant  smell,  and  boiling  at  SGl'^'S*  When 
butenyl  alcohol  is  heated  with  hydriodic  acid  it  is  reduced  to 
secondary  butyl  iodide.*  , 


PENTENYL  ALCOHOL,  C,H^(OH)y 

718  This  is  obtained  from  tiglic  aldehyde,  C5HgO,  and  forms 
a  sweet-tasting  syrup.^ 


HEXENYL  ALCOHOL,  CoHi^(OH}^, 

719  The  point  of  departure  for  this  glycerol  is  crotonyl  methyl 
carbinol,  CHj=CH.CH^CHgCHC0H)CH5,  a  body  which  %vill  be 
described  hereafter.  The  acetic  ether  of  this  carbinol  combines 
with  a  molecule  of  bromine,  and  the  product  heated  with  acetic 
acid  and  silver  acetate  to  120**  yields  the  triacetin,  a  thick  liquid 
boiling  at  280* — 285"*.  This  when  boiled  with  water  and  lead 
oxide  yields  a  glycerol  possessiug  the  following  constitution, 
H0.CH^CH(0H).CHj.CHj.CH(0H).CH3.  It  is  a  very  thick 
liquid,  having  a  sweetish -bitter  taste,  and  boiling  under  a 
pressure  of  10  mm,  at  181*.* 

^  Lieben  and  Zei»el,  Monatth^  Cheiii,  i.  818, 

*  H*!rzig,  MonaisL  Chtm.  iii,  118, 

*  MarkowtiikowaadKablukow,  ^cr.  Ikut^,  Cheni.  Ges.  xiiL  1842;  liv.  1711. 


COMPOUNDS  OF  THE  MONAD  ALCOHOL  RADI- 
CALS, C„Ha..i,  AND  OF  THE  ACID  RADICALS, 
C„H^.,0. 

720  The  triad  radicals  can  also  act  as  monad  radicals  when 
two  atoms  of  carbon  are  linked  together  by  two  combining  units. 
Hence  the  compounds  of  these  radicals  stand  to  the  defines  in 
the  same  relation  as  the  monad  radicals  of  the  fatty  acids  do  to 
the  paraffins.  Like  the  defines,  these  hydrocarbons  combine 
directly  with  the  elements  of  the  chlorine  group,  with  their 
hydracids  and  so  forth.  Their  compounds  may  be  classed  as 
primary,  secondary,  and  tertiary. 

The  first  of  these  classes  contains  aldehydes  and  mono- 
basic acids.  Of  these  several  occur  in  nature  partly  as  glycerides 
in  a  variety  of  fats,  whilst  many  of  them  can  be  artificially 
prepared.  This  group  of  acids  is  termed,  from  its  first  member, 
the  Acrylic  Series,  The  members  of  this  series  maybe  obtained 
by  the  action  of  alkalis,  silver  oxide,  or  lead  oxide  on  the 
monosubstituted  fatty  acid;  thus  )8-iodopropionic  acid  yields 
acrylic  acid : 

CH2I         CHj 

CH,    =    CI 


i 


H,    =    CH    +    HI. 
OjH        CO,H 


The  oxyacids  in  which  the  hydroxjl  is  not  attached  to  the 
carbon  next  to  carboxyl,  decompose  on  distillation  into  water  and 
an  acid  of  this  group.  Thus  /9-oxybutyric  acid  yields  crotonio 
acid: 

CH,  CH, 

CH.OH         CH 
I  =      M        +    H,0. 

CH-  CH 

I  I 

COjH  CO,H 


ssa 
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The  ethereal  salts  of  the  oxyacids,  which  can  be  obtained  from 
oxalic  acid  by  replacement  of  one  atom  of  hydrogen  by  an  alcohol 
radical,  and  which  are,  therefore,  at  the  same  time  tertiary 
alcohols  (see  p.  16),  are  converted  by  phosphorus  trichloride  into 
ethereal  salts  of  the  acrylic  acid  series,  or  as  Dnppa  and  Frankland 
term  them,  iso-acrylic  acids,*  The  ethyl  salt  of  iso-oxybutjTic 
acid  is  thus  converted  into  that  of  methacrylic  acid  : 


CH,  CH3 

\/ 
8       C.OH 


io,.c,Hfi 


+    PCI,    -    3 


V 


CO,.C,H, 


+    P(0H)3    ^    3HCL 


On  fusion  with  caustic  potash  the  acids  of  this  group  are 
decomposed  into  two  molecules  of  a  fatty  acid,  inasmuch  as  the 
molecule  splits  up  at  the  point  of  double  linkage  ;  thus  crotonic 
acid  decomposes  into  two  molecules  of  acetic  acid : 

CH,.CH=CH.C02H  +  2K0H  -  2CH3.CO2K  +  H^. 

The  constitution  of  these  acids  may  in  many  cases  be  ascer- 
tained by  this  reaction,  though  not  in  all  cases,  as  isomeric  acids 
may  yield  the  same  products  of  decomposition.  Thus,  for 
instance,  the  two  foDowing  acids,  having  the  formula  C^H^^^Oj, 
yield  normal  butyric  and  acetic  acids : 

Hydrosorbic  acid,     CHa-CHzzOaCH^CHjCOgH 

CH3.CH 

EthyKcrotonic  acid,  ^C  COoH 

In  addition  to  this,  many  of  these  acids  are  converted  by 
heating  int<:j  isomeric  modifications.  For  example,  isocrotonic 
acid,  CH^Zl  CH.CH^COgH,  is  thus  converted  into  crotonic 
acid,  and  therefore,  when  fused  with  caustic  potash  yields  only 
acetic  acid. 

In  their  physical  characters  these  acids  resemble  the  group  of 
the  fatty  acids.  The  first  terms  of  the  series  are  miscible  with 
water  and  easily  volatile.  With  increase  of  molecular  weight 
the  solubility  in  water  diminishes  and  the  boiling-point  in- 
creases. The  higher  members  of  the  series  are  oily  liquids  at 
the  ordinary  temperature  and  not  volatile  without  decomposition, 
and  these  when  acted  upon  with  even  a  small  quantity  of  nitric 

*  Joum,  Chem.  Soe,  xriii,  133. 
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acid  are  converted  into  crystalline  isomeric  modifications.    Their 
rglyceridea  exhibit  similar   pro|:>erties.     They  are  distingiushed 

Vom  the  corresponding  fatty  acids,  imismuch  as  their  lead  salts 
[-are  easily  soluble   in   ether,  and  by   this  means  they  can  be 
{readily  separated  from  the  latter  series  w^th  which  they  occur. 
721  The  secondary  and   tertiary  alcohols  belonging  to  this 

series  are  obtained  by  reactions  similar  to  those  employed  for 
r  the  preparation  of  the  corresponding  compounds  of  the  fatty 

group.    The  members  already  known  are  described  on  p»  411, 


THE  ALLYL  COMPOUNDS. 


722  In  1844  Wertheim  proved  that  the  chief  constituent  of  oil 
of  garlic  obtained  from  the  bulbs  of  Allium  sativum  is  the  sulphide 
of  a  radical  to  which  he  gave  the  name  of  AUf/l,  C^H^.^  At  the 
same  time  Will  showed  that  the  volatile  oil  of  mustard  {Sinapis 
nigra)  may  be  looked  upon  as  the  sulphocyanide  of  the  same 
radical,^  and  Wertheim  then  made  the  interesting  observation 
that  by  distilling  the  roots  of  garlic  mustard  {AUiaria  ojficinalu)^ 
a  plant  which,  like  the  mustard  plant,  is  a  crucifer,  the  volatile 
oil  of  mustard  can  be  obtained,  whilst  the  leaves  of  the  plant 
yield  a  volatile  body  which  smells  exactly  like  garlic  oil.' 
Shoitly  after  he  showed  that  garhc  oil  can  be  converted  into 
mustard  oil,  and  vice  versd} 

By  the  action  of  iodide  of  phosphorus  on  glycerol,  Bcrthelot 
and  de  Luca  in  1854  obtained  the  compound  C^HJ,  to  which 
they  gave  the  name  of  iodopropylene,'*  and  they,  as  well  as 
Zinin,*  found  that  this  body  can  be  converted  into  mustard  oil 
by  heating  it  with  potassium  thiocyanate  or  silver  thiocyanate.*^ 
Other  allyl  compounds  were  then  prepared  by  these  chemists,® 
as  well  as  by  Hofmann  and  Cahours,® 

Allyl  Alcohol,  CjiH.,OH.  Cahours  and  Hofmann  obtained  this 
body  by  treating  the  iodide  with  silver  oxalate,  and  tlien  passing 
dry  ammonia  into  the  aUyl  oxalate,  when  oxamide  separates  out 
rapidly  : 

(C3H,0)A0i  +  2NH3  -  SC^H.^OH  +  C,Oj  (NH,),. 


*  ^iiji.  Chem.  Fharm.  IL  289, 
»  lb,  lii.  &2, 

*  lb.  xdL  307. 
^  lb,  xcviL  128. 


>  lb,  c.  85d. 


»  Ih.  lii.  1. 

*  Jh,  Iv.  297. 

«  lb,  icv.  128. 

»  Jb.  ^  355  ,  cii,  235, 
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The  ally  I  alcohol  is  thea  distilled  off  by  heating  in  a  bath  of 
chloride  of  calcium. 

Allyl  icKlide  can  also  be  converted  into  the  alcohol  by  the 
methods  already  described  (Part  I.  p.  154),  The  simplest  plan 
is,  however,  to  heat  glycerol  with  oxalic  acid,  when  monoformin 
(p.  365)  is  obtained,  and  this  decomposes  as  follows  ; 


CH2.OH 
CH.OH 

CH,O.COH 


II 
CH 

I 
CH..OH 


+    CO3    +    H.O. 


For  this  purpose  4  parts  of  glycerol  and  1  part  of  crystallized 
oxalic  acid  are  heated  iu  a  retort  to  195",  the  receiver  changed, 
and  the  temperature  allowed  to  rise  to  260^  The  distillate  ia 
rectified,  wanned  with  caustic  potash,  re-distilleii,  and  dried, 
first  over  caustic  potash,  and  finally  over  caustic  baryta.  If  the 
oxalic  acid  contain  alkali,  as  is  almost  always  the  case,  from 
half  to  fine  per  cent,  of  sal-ammoniac  must  be  added  in  order  to 
get  a  good  yield,^ 

AUyl  alcohol  is  also  found  in  small  quantity  in  crude  wood- 
spirit.* 

It  is  a  mobile  liquid  which  possesses  a  pungent  odour,  boils 
at  D6"'C,  and  at  0=  has  a  specific  gravity  of  0  8706  (Thorpe).  It 
retains  water  very  strongly,  aud  when  mixed  with  this  liquid 
the  l»iling-point  is  lowered^  When  heated  with  solid  caustic 
potash  to  ISO"",  propyl  alcohol  is  formed  together  with  ethyl 
alcohol,  formic  acid,  propionic  acid^  and  other  compounds,* 
Chromic  acid  solution  oxidizes  it  to  acryl  aldehyde,  formic  acid 
also  being  produced.* 

Its  compounds  with  the  halogens  and  their  hydracids  have 
already  been  described.  These  may  bo  looked  upon  as 
propenyl  compounds,  or  as  substitution-products  of  primary 
propyl  alcohoL 


1  Tollens.  Ann,  Uh^m.  Fharm,  clin.  12&. 

*  Arouiieim,  Bcr.  Btuisch.  Chem.  Qts.  vii.  1381 ;  Orodfiki  and  Ei&rmerf  ib.  vii, 
1492. 

'  Dittmor  and  Stewaitj  €fhem,  Kews,  xxxiii.  53i 

*  ToUens,  Ann,  Chem.  Fharm,  rlix,  02, 
^  Einae  and  ToUuns,  tft,  clii,  110, 
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ALLYL  ETHERS. 

723  Alhjl  Oxide  or  Di-albjl  Ether,  (C^^^,  was  obtained  by 
Bertlielot  and  de  Luca,  by  acting  with  mercuric  oxide  on  allyl 
iodide,*  and  Cahours  and  Hofmano  also  obtained  it  by  the 
same  method,  as  well  as  by  dissolving  scKlium  in  ally!  aloohoL 
and  treating  the  product  with  ally!  iodide**  It  is  a  liquid 
smelling  like  horse-radish,  and  boila  at  82^ 

Ethyl  Allyl  Ether,  CsH^OfCjH^),  boils  at  66^— 67^  and  has  a 
specific  gravity  of  0"7651  at  20"  (Bnihl). 


ETHEREAL  SALTS  OF  ALLYL 


724  Alb/l  Chloridft  CgHgCl,  is  obtained  by  heating  the  iodide 
with  mercuric  chloride,  or  by  warming  the  oxalate  with  calcium 
chloride  and  alcohol  at  100**.^  It  is,  however,  best  obtained  by 
the  ac'tinn  of  phosphoms  trichloride  on  the  alcohol/  It  is  a  liquid 
possessing  a  pungent  smell,  boiling  at  44°*6,  and  at  0*  having  a 
specific  gravity  of  0  9547.  It  combines  with  hypochlorous  acid 
to  form  ^-dichlorhydrin. 

Allyl  Bromide,  CgHgBr,  This  compound,  which  serves  for 
the  preparatii>n  of  the  trimethylene  compounds,  is  best  obtained 
by  pouring  a  mixture  of  equal  volumes  of  sulphuric  acid  and 
water  on  to  potassium  bromide,  and  dropping  allyl  alcohol 
into  the  warmed  mixture.^  It  is  a  pungently  smelling  liquid, 
having  at  O""  a  specific  gravity  of  1^461.  and  boiling  at  7\f — 71* 
(Tollens). 

These  two  ethereal  salts  of  allyl  unite  with  chlorine  or  bromine 
to  fonn  propenyl  compounds,  and  with  tlie  hydracids,  according 
to  the  conditions,  to  form  propylene  or  trimethylene  compounds. 

AUyl  I(Klidi\  C3HJ.  In  order  to  prepare  this,  160  parts  of 
allyl  alcohol  are  mixed  with  254  parts  of  iodiue  and  twenty  parts  of 
phosphorus,  and  tlie  mixture,  after  standing  twenty-fiur  hours,  is 
distilled  in  a  stream  of  carbon  dioxide  (Tollens  and  Henninger), 

1  An%,  UhirtK  Phjft.  [8J;xlTiii  286, 

*  Ann,  Chfm.  Phamu  cii.  2B5. 

*  Oppeuheim*  lb,  cxL  205. 

*  Tollenft  and  Hetininger,  Ih.  clvi.  1 54. 
"  GroslieinU,  B\UL  Sac,  Chim.  xxx,  &8. 
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To  prepare  it  from  glycerol,  fifteen  parts  of  this  liquid,  which 
must  be  wtU  dried,  are  mixed  with  ten  parts  of  iodine  in  a 
retort,  and  three  parts  of  white  phosphonis  gradually  added,  the 
mixture  being  then  distilled  ia  an  atmosphere  of  carbon  dioxide*^ 
The  product  thus  obtained  usu^^dly  contains  secondary  propyl 
iodide  and  aliyl  alcohol  (p.  S5S).  In  order  to  purify  it,  it  is 
dissolved  in  alcohol  aud  shakeu  up  with  mercury,  by  wddch 
means  alhjl  mtrcury  iodide,  C^Hj^Hgl,  is  formed,  and  this  is 
crystallized  out  from  boiling  alcohol,  and  then  decomposed  by 
water  and  the  theoretical  quantity  of  i(xiine,^ 

Allyl  imlide  ia  a  hquid  having  a  pungent  alliaceous  smell, 
boiling  at  lOT  5 — 102*",  aud  having  at  12°  a  specific  gravity  of 
1^848.  When  heated  with  20  parts  of  water  to  100^  it  gradually 
dissolves  with  formation  of  allyl  alcohoL^  Bromine  converts  it 
into  tribrorahydrin. 

The  above-mentioned  mercury  compound  crystallizes  in  white 
scales,  and  is  converted  by  m«jist  silver  oxide  into  all^l  niercvry 
hydnmde,  C^^g{OW),  which  is  a  syrupy  alkaline  liquid, 
forming  suits  with  acids.* 

If  allyl  iodide  be  added  to  an  alcoholic  solution  of  potassium 
nitro*ethane,  allyl-nitro-ethane,  C^H^NOg,  is  formed.  This  is 
volatile  not  without  decomposition,  and  it  is  converted  by  zinc 
and  liydrochloric  acid  into  the  amine,  Cf^HpNH^j,  boiling  at  85".* 

725  AUifl  Nitrate,  C^H^NOg,  is  formed  by  the  action  of  silver 
nitrate  on  aUyl  bromide.  It  is  a  pungent  mobile  liquid  boiling 
at  106^« 

AUifl  Borate,  (C3HJ3BO3,  is  formed  by  heating  allyl  alcohol 
with  boron  trioxide  to  130*.  It  is  a  liquid  giving  a  pungent 
vapour  %vhich  causes  a  flow  of  tears,  and  boils  at  108*^^ — 175^ 
It  combines  with  six  atoms  of  bromine  to  form  a  thick 
liquid,  which  is  decomposed  by  water  into  boric  acid  and 
^-dibromhydrin.'^ 

Allyl  Formate,  CgHi-CHOj,  is  formed  in  the  preparation  of 
formic  acid  from  glycerol  and  oxalic  acid.  It  is  a  liquid 
possessing  a  sharp  mustard-like  smell,  and  boiling  at  82° — 83°.* 


^  Kaonnnikow  and  S:\ytzew,  Ann.  Chem  Pkarm.  clxxxT, 

*  UnnemAnn,  ib,  Suppl.  iii.  263, 

■  Ifioderiit,  Ann,  Clmn,  Fhann,  cxt  vi.  350. 

*  KlMOWaky.  Jgr<:i^A.  Ch^m.  1870,  527. 
"  rm!.  BuH   Soc.  Vhim.  [2],  xx.  13. 

•  ILiiiy.  Bfr.  Deuisch.  Chan.  Qrs.  v,  452. 

7  Councler,  Joiim,  PralL  Chrm  [2 J,  iviii,  876. 

•  ToUens,  ZiUMh,  Vhcni,  1866,  618  ;  l^CS,  441. 
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Aili/l  Acitate,  C^H^.C^O,  is  an  aromatic  pungent-smelling 
liquid,  having  a  sharp  taste,  and  boiling  at  103° — 104'^^ 

AUyl  Ovulate,  (C^HJ^CjO^,  is  an  oily  liquid  which  has  a  smell 
resembling  both  mustard  and  ethyl  oxalate,  and  boils  at  207* 
(Cahours  and  Hofmann). 

Alli/l  Cyanformak,  CgH^.O.CO.CN.  Cyanogen  gas  is 
absorbed  by  allyl  alcohol  with  evolution  of  Leat^  the  compound 
CsHsCCN^gOH  being  formed.  This  is  a  colourless  liquid, 
smelEng  like  acetonitril,  and  boiling  at  loff" — 15 1**.*  It  is 
decomposed  by  fuming  hydrochloric  acid  with  formation  of 
Bal-ammoniac,  oxamide,  allyl  chloride,  and  allyl  cyanformate. 
Tliis  last  is  a  liquid  having  a  muatard-Iike  smell,  and  boiling  at 
135^3 

736  SnhdUuiion  products  of  A  llyl  Alcohol  and  of  Us  EtJi^rs  and 
EthGTtml  Salts.  The  ethers  are  obtained  by  the  action  of  alcoholic 
potash  on  the  isomeric  epicblorhydrins  or  epibromhydrins,  and 
the  ethereal  salts  are  produced  when  the  latter  compounds  ate 
treated  with  potassium  acetate,  silver  nitrate,  &c.,  whilst  the 
alcohols  can  be  obtained  from  the  ethereal  salts.  It  is  usual  to 
distinguish  as  a-compounds  those  containing  the  group 
CH^  IT  CX.CH^  and  as  ^- com  pounds  those  containing  the 
group  CHX  ~  CH-CHg,  in  which  X  signifies  a  halogen. 


B.P. 

C,H,Br.OH 

155" 

''^m- 

110° 

'"'c.^!}" 

120'— 125' 

'''^g:}o 

ISO'— 135" 

(C,H,Br),0 

212'— 215' 

C.H.Br.NOj 

140'— 150* 

C,H,C1(C„H,0,) 

140'— 145' 

CjH.c^cXo^ 

156°— 159° 

*  ^-bromallyl  alcohol, 

*  a-chlorallyl  ethyl  ether, 

^  ^-cblorallyl  ethyl  ether, 

'  fl-bromallyl  ethyl  ether, 

*  j8-broraallyl  ether, 

*  ^-broraallyl  nitrate, 

*  a-chlora!lyl  acetate, 

*  y9-chlorallyI  acetate, 

lodallyl  Akohsl,  C^H^LOH,  is  formctl  by  the  action  of  a  dilute 

solution  of  Ciirbonate  of  soda  on  /f-prtjptinyl  di-iod  hydrate,  and 

it  crystallizes  in  needles  which  melt  at  160^* 

^  Zinin,   Ana,    Chem,  Pharm.  xcvL  361  ;  Cahoiini  and  Hofmann,  loe    cU,  j 
Briihl  Lkhi^n  Ann.  cc  179.  *  Tolleua,  Birr,  IkuUch,  Chan,  G<».  v.  621. 

*  Wftgoer  and  Tolltna,  Qt.  v.  1045. 

*  Heim-,  Brr.  Dt^itMh.  Chem,  Gts.  v,  U%  »  Ih,  v.  189. 

*  Friedel  and  Silva,  Jahresh,  1872,  82i. 

^  H^nry,  Ber,  DeiUMh.  CHfm.  (?m.  v.  188.  »  Henry,  ift,  vL  729, 

*  Ililljiier  and  Lcllinanti,  ib.  xiii.  461, 
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SULPHUR  COMPOUNDS  OF  ALLYL- 


727  AUyl  Hydrosulphidc,  C^Hg.SH,  Tliis  mercaptan  was  first 
obtained  by  Cahoura  and  Hofmana  by  tbe  a<?tian  of  the  iodide 
upon  an  alcoholic  solution  of  potassium  hydrosulphide.  It  is  a 
liquid  boiling  at  90',  and  possessing  a  smell  resembhng  that  of  oU 
of  garlic,  tbough  being  somewhat  more  ethereal.  It  unites  with 
mercuric  oxide  to  form  a  mercaptide,  which  crystallizea  from 
alcohol  in  pearly  ghstening  scales, 

Allyl  Sulphkh,  (C^HJ^S*  Oil  of  garlic  was  first  investigated 
by  Cadet,  and  that  of  onions  {Allmm  l^fpa)  by  Foarcroy  and 
Vauquelin,  and  in  this  the  latter  chemists  proved  the  presence 
of  sulphur.^  Wertheim  then  showed  that  the  first  of  these  oils 
consists  principally  of  allyl  sulphide,  and  Cahoura  and  Hofmann 
obtained  it  artificially  by  the  action  of  allyl  iodide  on  an  alcoholic 
solution  of  potassium  sulphide.  In  addition  to  garhc,  various  other 
plants,  as  the  herb  and  seeds  of  Thlaspi  arvense^  Uteris  amara, 
and  other  cnicifers,  yield  allyl  sulpliide  on  distillation  with 
water,  together  usually  with  oil  of  mustard,* 

Both  allyl  sulphide  and  mustard-oil  are  products  of  decom- 
position of  more  complicated  compounds.  That  which  yields 
mustard-oil  is  known,  but  not  that  from  which  the  allyl  sulphide 
is  derived.  That  this  latter,  for  example,  is  not  contained  ready- 
formed  in  the  seeds  of  Thfasjn  arvcmi'  is  shown  by  the  fact  that 
when  they  are  bruised  dry  tiiey  are  odourless,  and  that  it  is  only 
when  they  are  macerated  and  bruised  in  water  that  the  smell 
becomes  e\ndent.  Further  particulars  of  this  wiU  be  given  under 
Mustard-oil. 

Allyl  sulphide  is  a  powerfully  refractmg  liquid,  which  does 
not  possess  so  unpleasant  a  smell  as  the  crude  oil  of  garlic,  and 
boils  at  140^  If  mixed  with  an  alcoholic  solution  of  silver 
nitrate,  a  precipitate  of  (C3Hj2S(AgX03)2  is  throi^vTi  down»  and 
this  crystallizes  from  hot  alcohol  in  needles.  Precipitates  are 
also  produced  with  mercuric  chloride,  platinic  chloride,  &c,        , 

The  ethereal  oil  of  assafcctida  appears  also  to  contain  aUyl 
sulphide,  as  its  mercury  compound  yields  mustard-oil  on  distilla- 
tion with  potassium  thiocyanate.* 

1  Omelin,  EandK  Clitm.  ix.  372. 

*  Wertheini,  Ann.  Ckrm^  Pharm,  li,  289  ;  Iv.  287. 

♦  Hlniwuti,  Ann.  CA<rm.  Pftorm,  Iwd.  23. 
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NITROGEN  BASES  OF  ALLYL. 

728  Alhjlaminc,  CgH^NH^,  was  prepared  by  Hofmann  and 

Cahuurs  from  allyl  iswyanate  and  from  ally)  iodide*  It  is  best, 
however,  prepared  from  mustard-oil  by  treating  it  with  zinc  and 
hydrochluric  acid^  or  with  sulphuric  acid  containing  some  water  :^ 


N|5??«i 


CS 


H,0    -    n|§^^s  +  COS, 


Allylamine  is  a  liquid  possessing  a  strong  ammoniacal  odour, 
and  causing  sneezing  and  a  flow  of  tears.  It  boils  at  58*,  and 
has  a  specific  gravity  at  15"*  of  0"864,  It  is  miscible  with  water 
with  evolution  of  heat,  and  precipitates  many  metallic  salts. 
The  sulphate  forms  feathery  crystals,  and  the  hydrochlfiride  is 
deposited  in  deliquescent  needles,  whilst  the  platinichloride 
forms  orange-coloured  monoclinic  tablets, 
i  TriaUylamine,  {Cfi^^,  is  obtained  by  distilling  tetrallyl- 
'  ammonium  hydroxide  (Cahours  and  Hofmann),  or  more  simply 
by  distilling  the  corresponding  bruraide  with  an  excess  of  freshly 
fused  caustic  potash.*  Its  fi>rmatit>n  from  altyl  chloride  and 
potassium  cyanide  is  remarkable.  If  an  alcoholic  solution  of 
the^e  bodies  be  allowed  to  stand,  the  tertiary  base  is  formed 
together  with  the  nitril  of  ethoxybutyric  acid,  pyrotartaric  acid 
and  its  nitril,*  the  following  reactions  taking  place ; 

(1)  CH,=CH.CH2C1  +  KCN  +  ORC.Hg  = 

CH3.CH(OC3H,)CH,.CN  +  KCl. 

(2)  CH^CfHCHjCl  +  2KCN  +  HgO  = 
CH^CH(CN)CH,.CN  +  KCl  +  KOH. 

(3)  CH,,CH(CN)CH,.CN  -f  2K0H  -f  SHp  - 
CHj,CH{C02K)CH^C0^K  +  2NH3, 

(4)  3CaH,Cl  +  4NH8  =  (C^HJ^N  -h  3NH,CL 

'Triallylamine  is  a  light,  unpleasantly  pungent^smelling  liquid, 
bailing  at  loO^— ISr 

*  Oeser,  Ann.  Chem.  Ph^rm^  ezzxiy.  8. 

*  Hofinamj,  Mcr,  Dcutsch,  Chan.  Gta,  i  182 ;  Bmoe,  Ann,  Chem    Pharm. 
clxviil  262. 

»  GrosheinU,  Bull  Soe,  Chim,  xxxl  39L 

*  Pinner,  Ber,  DcvUkK,  Chcm,  Gcs,  xii,  2051. 
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Tcirallylammomum  Iodide,  N(C^H^)J,  This  is  the  chief 
prcwluct  of  the  action  of  ammonia  on  allyl  iodide.  Indeed,  at 
ordinary  temperatures  crystals  of  this  compound  separate  out, 
the  quantity  being  increased  by  the  addition  of  caustic  potash 
as  the  salt  is  insoluble  in  concentrated  caustic  ley.  Freshly 
precipitated  silver  oxide  converts  it  into  the  strongly  caustic  and 
alkaline  hydroxide, 

729  Mixed  Allylamines.  Tlie  two  following  have  been  obtained 
by  Binne  ^  by  heating  allylamine  with  ethyl  iodide : 


Ethyl  allylamine. 


Diethyl  allylamine^ 


NJaH, 


B.P. 


84" 


>n]c,h; 


100—103*^ 


JHrnonocMorallylamine,  (C3H^C1)2NH,  is  formed  by  heating 
trichlorhydrin  with  alcoholic  ammonia.  It  is  an  oily  liquid 
which  boils  with  decomposition  at  194^  and  possesses  a  character- 
istic smell  and  an  alkahne  reaction.' 

Tribromhydrin  yields  a  corresponding  comprmnd,*  w^hilst 
a-tetrachlorglycid  forms  teiraMonliaUylaimTie^  [Gfij^X^^^^ 
a  strongly  alkaline  oily  liquid  which  evaporates  in  a  current  of 
steam.^ 


CYANOGEN  COMPOUNDS  OF  ALLYL. 


730  Allyl  Carhamim,  CN.CgH^  is  obtained  by  heating  allyl 
io<lide  with  silver  cyanide.  It  is  a  mobile  liquid  which  boils  between 
96"*  and  106^  Its  smell  is  so  penetrating  and  unpleasant  that 
when  a  iKjttle  containing  it  is  oj^ened  the  air  of  the  room  is 
oftensive  for  many  days,  and  so  much  is  this  the  case  that  it 
could  not  he  carefully  further  examined,^ 

Allyl  Carldmide,  or  Allyl  Isocyafiate,  CO-NCgH^,  was  obtained 
by  Cahours  and  Hofmann  by  acting  with  allyl  iodide  on  silver 

*  Ann.  Chan,  Phnrni,  cliriiL  2ffl. 

*  Engkr,  Ann,  Ch4rm,  Fharm,  cxlii.  77, 

"  Simpaon,  Ann,  Chim,  PAp.  [3],   liri,  129;  Keboulf  Ann,  CKim,   Pharm. 
Suppli  232. 
^  Fittig  and  Pfeffer,  Ann.  Chem,  Phnrm,  exzxr*  868, 

*  Lieke,  Ann,  Chtm,  Fharm.  cxii.  816, 


ALLYL  THIOCYANATE. 


389 


I 


cyanate.     It  is  an  unpleasantly  smelling  KqiiiJ  which  causes 
a  flow  of  tears  and  boils  at  82^ 

AUyl  TkiocyanaU,  NCSC^H^.  As  soon  as  oil  of  mustard 
had  be€n  artificialiy  prepared  by  heating  allyl  iodide  with 
potassium  thiocyimate  or  silvur  thiocyanate,  this  oil  was  naturally 
looked  upon  as  allyl  thioeyanate.  Further  examination  proved 
that  it  is  not  this  compound  but  its  Isomeride,  allyl  thiocarbimide, 
and  its  formation  by  the  above  reaction,  by  which  it  must  be 
remembered  the  other  iodides  of  the  alcohol  ra^licals  yield  the 
true  ethereal  salts  of  thiocyanic  acid,  remained  unexplained  until 
Billeter^  and  Gerlich^  showed  that  allyl  thiocyanate  possesses 
the  remarkable  property  of  being  easily  converted  into  the 
isomeric  oil  of  mustard,  whilst  all  the  other  ethereal  salts  of 
thiocyanic  acid  are  very  stable  compounds.  Billeter  obtoined  the 
thiocyanate  by  the  action  of  lead  allyl  mercaptide  on  an  ethereal 
solution  of  cyanogen  chloride ; 

(C^HJ^S^Pb  +  2CNa  =  2CaH,.SCN  +  VhC\^ 

Accordiog  to  GerUch  it  is  obtained  when  a  solution  of 
ammonium  thiocyanate  in  three  parts  of  alcohol  is  mixed  with 
allyl  bromide,  and  the  whole  allowed  to  stand  in  a  vessel 
surrounded  by  ice,^  and,  when  the  reaction  is  complete,  pre- 
cipitating with  ice-€old  water, 

Allyl  thiocyanate  is  a  colourless,  strong  refracting,  oily  Hquid 
possessing  an  alliaceous  odour,  at  the  same  time  reminding  one 
of  that  of  hydrocyanic  acid.  It  appears  to  exert  a  poisonous 
action,  inasmuch  as  on  working  with  the  substance  for  some  time 
headache,  nausea,  and  n0r\"ous  excitement  are  noticed.  It  begins 
to  boil  at  IGl**,  but  the  boiling-point  soon  sinks,  and  an  intense 
smell  of  musturd-oil  is  evolved ;  the  whole  of  the  allyl  thio- 
cyanate being  completely  converted  into  this  substance  if  an 
inverted  condenser  be  employed,  and  the  liquid  heated  until 
the  boiling-point  sinks  to  HS*' — 149^  This  molecular  inter- 
change takes  place  slowly  at  the  on! i  nary  temperature.  Alcoholic 
potash  converts  it  into  potassium  thiocyanate  and  allyl  nier- 
captan,  and  when  brought  in  contact  with  sodium  amalgam  it  is 
converted  by  a  violent  reaction  intt*  allyl  carbamine. 

731  Albjl  lliwcarhmiide,  CS.NCaH^.  Tlie  Attic  Greek 
comedians  mention  mustard  as  a  biting  substance  which  causes  a 
flow  of  tears,  bat  is  an  exceUent  substance  for  giving  a  reUsh  to 


*  Btr,  Dcutxh.  Chem,  Oes.  riil  464. 

*  Ann.  Chenx.  Phartn,  clxxviii.  80. 


*  lb,  viii,  650, 
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certain  kinds  of  food.  That  this  well  known  property  of  mustard 
18  due  to  the  presence  of  a  volatile  oil  appears  to  have  been  first 
observed  bj  Lefebre  in  1660.  Boeriiave  also  mentions  the 
same  fact  in  1732,  and  Tliibicrge  in  1819  proved  that  this  oil 
contains  sulphur,^  whilst  Boutron  aud  Robiquet,^  as  well  aa 
Faure,*  found  in  1831  that  the  mustard  seeds  do  not  contain 
it  ready  formed.  Boutron  and  Fremy  then  showed  that  the 
mustard  seeds  contain  a  peculiar  albuminoid  substance,  which 
when  brought  in  contact  with  the  odourless  aqueous  extract 
obtained  from  mustard-flour,  which  has  previously  been  treated 
with  hot  alcohol,  brings  about  the  formation  of  the  volatile  oil 
Bussy  next  isolated  the  compound  from  which  the  must4ird-oil 
is  obtained  by  this  decomposition,  and  fuund  that  it  is  the 
potassium  salt  of  an  acid  to  which  he  gave  the  name  of  myronic 
acid  (fivpop,  perfume  or  bakiim)  and  that  when  placed  in  contact 
with  water  and  with  the  above-named  ferment,  termed  myrosin, 
it  yields  the  essential  oil.  ^  Will  and  Komer  investigated  this 
subject  more  fully. 

In  place  of  common  mustard  seeds  those  of  Sinapis  funcea 
are  much  used.  This  kind  of  mustard  is  grown  in  India,  Central 
Asia,  and  South  Russia,  and  also  yields  oil  of  mustard,  as  also 
do  horse-radish,®  the  roots  of  Reseda  odorata^  and  other  plants 
which  have  been  mentioned  (p,  386). 

In  order  to  prepare  mustard-oil  the  seeds,  freed  from  fatty 
oil  by  pressure,  are  mixed  with  from  S  to  6  parts  of  w^ater  to 
form  a  paste,  aud  then  an  aqueous  extract  of  white  mustard  ia 
added,  this  not  yielding  any  mustard-oil,  but  being  rich  in 
myrosin.  The  water  must  be  cold,  as  hot  water  coagulates 
myrosin,  like  albumen,  and  renders  it  inactive.  After  24  hours 
the  whole  is  distilled,  the  oil  separated  from  the  water,  and  the 
latter  used  fur  another  preparation  as  it  contains  some  dis- 
solved oil.  A  thousand  parts  of  black  mustard  seed  macerated 
with  fresh  water  yield  from  2  to  7  parts  of  the  oil,  but  if  water 
saturated  with  the  oil  by  previous  distillations  be  used,  the 
product  may  amount  to  from  11  to  12  parts. 

Oil  of  mustard  is  now  also  artiticially  prepared  by  the  action  of 
potassium  thiocyanate  on  allyl  iodide  at  50""— 60^  This  usually 
also  contains  the  isomeric  allyl  thiocyanate.® 


»  Jmim,  Phann,  v.  43§.  "  lb.  xviL  294. 

*  lb,  xxvi   468. 

*  Hubatka,  Ann.  Ch^m.  Pharm.  adril  153, 
'  Vollrath,  Jaftresb,  1871,  408. 

*  BiUetei,  Ber.  Deuisch.  Chem,  Gea,  yiii.  820. 


>  lb,  xvii  299  J  TsL  404. 
*  lb.  xivL  89. 
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Wertheim  found  that  the  mercuric  chloride  compound  of  oil 
of  garlic  when  heated  with  potassium  thiocyanate  to  120° — 130'* 
is  converted  into  oil  of  mustard  ;  and  tdce  mrsd^  the  latter  is 
converted  into  oil  of  garlic  when  heated  with  potassium  sulphide 
to  100^ 

The  composition  of  oil  of  mustard  was  first  exactly  deter- 
mined by  Will,  who  also  completely  investigated  its  derivatives. 

Froperius, — Oil  of  mustard  is  a  colourless,  highly-refracting 
liquid^  boiling  at  150 ''7*  and  at  0°  having  a  specific  gravity  of 
1  036.  Its  taste  and  smell  ar©  penetrating  and  pungent,  causing 
a  flow  of  tears,  and  it  produces  blisters  on  the  skin,  for  which 
reason  it  is  used  in  medicine  as  an  excitant.  On  exposure  to 
light  it  gradually  becomes  yellow,  depositing  a  deep-yellow 
amorphous  powder  which  contains  nitrogen  aud  sulphur  and 
closely  resembles  pseudosulphocyanogen  (Voh  L,  p.  674), 

Robiquet  and  Bussy  observed  that  when  crude  oil  of  mustard 
is  heated  for  some  time  to  100"  in  a  distillation-apparatus  a 
light  ethereal-smelling  oil  passes  over.^  This  was  shown  By 
Will  to  be  crotonitril,  CjH^;GN.  It  is  formed  by  the  action  of 
water  on  oil  of  mustard,  this  substance  losing  sulphur.  It 
occurs  in  commercial  oil  of  mustard  in  varying  cjuantities  which 
may  amount  to  as  much  as  50  per  cent.^ 

Cfd&rallyUhiocarhimide,  CS^NC^H^Cl,  is  formed  by  heating 
epichlorhydrin  with  potassium  thiocyanate  and  alcohol.  It  is 
a  very  pungent-smelling  liquid  boiling  at  185*.  The  correspond- 
ing bromine  compound  boils  at  200'*.* 

Myronic  Acid,  C^^HjaNSgO^^,. 

732  This  la  scarcely  known  in  the  free  state.  Ita  potassium 
salt,  as  has  been  stated,  is  contained  in  the  seeds  of  black  mustard, 
and  it  was  first  obtained  by  Bussy,  Other  chemists  did  not  suc- 
ceed in  preparing  it,  but  its  existence  was  corroborated  by  Ludwig 
and  Lange/  and  its  formula  ascertained  by  Will  and  Korner,* 

In  order  to  prepare  potassium  myronate,  black  mustard  puU 
verised,  but  not  freed  from  oil  by  pressure,  is  heated  to  the 
boiling-point  with  alcohol  in  order  to  render  the  myrosin  inac- 
tive.    The   dried  and  pressed  residue  is  then  extracted  with 

*  Ann,  Chim,  Phys.  Ixxii,  328. 

*  Ann.  Chem,  Pharm.  cxjcy.  278. 

*  Ifenry,  B^r,  iJeul^,  Chem,  Ge$.  v.  1S8. 

*  Z^Uch.  Pharm.  iii.  403  and  577. 

*  Ann.  (7A«m.  Pharm,  ci3ev.  25 7, 
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cold  water  and  the  extract  treated  \nth  barium  carbonate  and 
evaporated  on  a  water-bath,  the  residue  extracted  with  alcohol 
and  the  solution  thus  obtained  allowed  to  evaporate,  when 
potassium  mjTonate,  CioHiqKNSjOj^j,  separates  out.  This  is 
purified  by  recrystallization  from  strong  boiling  alcohol,  when 
the  salt  separates  out  in  silky  needles,  whilst  from  an  aqueous 
solution,  in  which  it  is  much  more  readily  stjlublejt  is  deposited 
in  the  form  of  short,  glassy,  four-sided  prisms,  which  are  odour- 
less and  have  a  cooling,  bitter  taste.  When  the  concentrated 
solution  is  decomposed  by  tartaric  acid  and  alcohol  added,  a 
solution  of  free  niyronic  acid  is  obtained,  but  as  yet  the  acid  has 
not  been  prepared  in  the  pure  state, 

Myronic  acid  is  also  found  in  the  seeds  q(  Brassica  mpa,  whilst 
it  dues  nut  uccur  in  those  of  Brass ica  napii^.  If  the  meal  of  the 
latter  be  rubbed  up  with  water,  a  peculiar  smell,  different  from 
that  of  mustard-oi!,  is  noticed,  from  which  the  occurrence  of 
auuther  sulphur  compound  is  rendered  probable.^ 

When  a  solution  of  myrosin  or  an  extract  of  white  mustard 
is  added  to  an  aqueous  solution  of  the  potassium  salt,  this  latter 
decomposes  into  oil  of  mustard,  acid  potassium  sulphate,  and 
glucose : 

C,oH„KNS,0^,  =  C.HjNS  +  HKSO,  +  CaH,jO,. 

At  the  same  time  a  part  of  the  oil  is  converted  into  sulphur 
and  crotonitiil. 

When  silver  nitrate  is  added  to  a  solution  of  potassium  ray- 
ronate  a  white  precipitate  of  C^H^NAg^SjO^  is  thrown  down 
and  glucose  remains  in  solution ; 

Ci,H«KNS,0„  +  2AgN03  =  C,H,NAg,S,0,  +  C,H„0,  + 
KNO,  +  HNO3. 

The  silver  compouud  is  decomposed  on  heating  it  with  water 
iuto  silver  sulphate  and  oil  of  mustard : 

C,H,NAg,S,0,  =  C,H,NS  +  Ag,80,. 

In  this  case  silver  sulphide  and  crotonitiil  are  also  formed, 
and  these  products  are  also  obtained  together  with  free  sulphur 
and  sulphuric  acid  by  the  action  of  sulphuretted  hydrogen. 
The  constitution  of  myronic  acid  is  not  known. 

733  Sinctlhin,  C^oH^N^SgOig.  This  compound,  which  is  con- 
tained in  white  mustard  seed  (i?tnapwai&ct),  may  here  be  mentioned 
*  RitthauBen,  Jmm,  Prakt,  Cfum.  [2],  xxiv.  278, 


ALLYL  UREA. 


^ 
^ 


^ 


owing  to  its  analogy  to  potassLum  myronate,  although  the  pro- 
ducts of  decnnipfjsition  which  it  yields  belong  to  another  group 
which  will  bo  aiterwards  described.  It  has  lung  been  knuwn 
that  powdered  white  mustard  when  rubbed  up  with  water 
possesses  a  sharp  taste  but  evolves  no  Bmell  The  substance 
from  which  this  sharp-tasting  compound  is  produced  was  isolated 
by  Robiquet  and  Boutron,*  but  more  accurately  examined  by 
Will,  who  gave  to  it  the  above  name  and  proposed  that  the 
corresponding  potassium  myronate  should  be  termed  sinjiigrin.^ 
This  chemist,  together  with  Laubenheimer,  then  investigated 
sinalbin  more  exactly,^  In  order  to  prepare  it,  the  seeds,  freed 
from  the  fatty  oils  by  pressure,  are  dissolved  in  spirits  of  wine, 
and  the  crystalline  mass  which  separates  on  cooling  is  dissolved 
in  a  small  quantity  of  water.  The  filtered  sohition  is  precipitated 
by  alcohol  and  the  precipitate  recrystallized  from  boiling  spirit* 
Sinalbin  is  easily  S4jluble  in  water,  less  so  in  alcohol,  and  crystal- 
lizes in  small,  pearly  needles.  Myrosin  converts  it  in  aqueous 
solution  into  siualbin-mustai'd  oilj  acid  sulphate  of  siuapine  and 
glucose : 

C,oH«NjS,0„  =  C,H,O.NCS  +  Ci„H^NO,.H,SO,  +  C,H^O.. 

Sinalbin-mu3tard-oil  is  an  oily,  non-volatile  liquid,  possessing 
an  exceedingly  sharp  taste  and  producing  blist-ers  on  the  skin, 
though  not  acting  so  energetically  as  mustard-oil.  As  in  the 
case  with  the  latter  compound  it  also  easily  loses  sulphur, 
yielding  the  nitril  of  an  oxyphenylacetic  aeid^  CcH4(0H) 
CH^COgH. 


CARBAMIDE  COMPOUNDS  OF  ALLYL. 


^m  734  AUifl  ITna,  CO.^^J^C^^,  is  obtainetl  by  actmg  with 

H  aqueous  ammonia  on  aliyl  carbimide  *  and  also  by  boiling  oxalyl- 

H  thiosinamine  with  a  solution  of  silver  nitrate.^     It  deposits  in 

^1  large  prisms  which  are  easily  soluble  in  water  and  melt  at  241 


DMlyl    Urea,  CO(NH.C,H0^   was   discovered  in   1840   by 


Simon,  who  obtained  it  by  acting  with  lead  oxide   and  water 
on   mustard  oO,  and  termed  it  siiiapoliiie.     It  was  afterwards 

*  Jaurn,  Ph^rm.  xrii*  279. 
s  fFim,  Akoii.  Ber.  [2],  bd.  178. 

■  Litiif^i  Ann,  cxcix.  150. 

♦  rAhoara  uid  Hofmanu,  Ann,  Chem,  Pharm*  oil.  290. 
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investigated  by  Will,  who  prepared  it  by  boiling  oil  of  mustard 
with  baryta  water : 

N(CS)C5H^  +  HjO  ^  N(CO)C,H,  +  HgS 
2N(CO)C3H,  +  H^O  =  CO(NH.C\H,),  ^  CO^ 

DiaUyl  carbaniide  is  ako  formed  when  allyl  carbimide  is 
lieated  with  water  (Cahours  and  Hofmann).  It  crystallizes  from 
hot  water  in  glistening  saponaceous  laminoB,  which  melt  at  100°. 
It  has  an  alkaline  reaction  and  volatilizes  in  a  current  of  steam. 

All^UhiO'urea,  CS.NjHaCCjH^),  was  obtained  in  18S4  by 
Dumas  and  Pelouze  by  the  action  of  ammonia  on  oil  of  mustard. 
It  was  then  examined  by  AVill,  who  proposed  for  it  the  name  of 
thio-sinamrm  in  place  of  that  which  had  been  hitherto  used, 
namely  mustard-oil  ammonia.  In  order  to  prepare  it,  oil  of 
mustard  is  mixed  with  four  volumes  of  aqueous  ammonia,  and 
ammonia  gas  passed  in  to  saturation,  when  the  thio -carbamide 
gradually  crystalHzes  out.  It  forms  glistening  crystals  which  are 
tolerably  soluble  in  water  aoil  easily  soluble  in  alcohol,  and  melt 
at  74^  When  given  in  moderate  doses  it  produces  palpitation 
and  sleeplessness,  ammonium  thiocyanate  being  found  in  the 
urine*^  It  acts  as  a  weak  base  and  resembles  the  other  carba- 
mines  in  combining  with  salts.  When  bromine  is  added  to  its 
alcoholic  solution  the  dibromide,  C^HgNgSBr^,  is  formed.  This 
ciystalhzes  in  six-sided  prisms  and  contains  one  atom  of  bromine 
much  more  intimately  united  than  the  other.  It  is  converted 
by  treatment  with  moist  silver  chloride  into  chlorobromide, 
whilst  freshly -precipitated  silver  oxide  converts  it  into  the 
hydroxide,  C4HgN2SBr(OH),^  a  syrup  having  an  alkaline  reaction 
and  a  bitter  taste.  Thio-sinamine  unites  also  wnth  a  molecule 
of  iodine,  and  when  cyanogen  is  passed  into  its  alcoholic  solution 
the  following  reaction  takes  place : 

/NH„  CN  /NH ^C-NH 

CS  +     I       =.    cs  I 

CN  \N(C,H0C=1 


\NH(CA) 


\N(C,H,)C=NH 


The  compound  thus  obtained  is  deposited  in  golden-yellow 
scales,  and  on  heating  with  dilute  sulphuric  acid  is  converted 
into  oxalglthio^inamhie,  the  imitlo- groups  being  replaced  by 
oxygen.  This  crystallizes  from  hot  water  in  lemon-yellow 
needles,  melting  at  8T — 90^     When  warmed  with  a  solution  of 

^  Wohler  nod  Frehrichs,  Ann,  Chein,  Pharm.  Ixv.  8^. 
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silver  nitrate,  silver  sulphide  and  allyl-oxyalyl-urea  are  formed- 
If  however  the  nitrate  be  present  in  excess,  silver  oxalate  and 
allyl-yrea  are  produced  (Maly), 

735  AUyl  Cyanamide  or  Sinamine,  CN.NH(C3H^,is  obtained 
by  heating,  on  a  water-bath,  thio-sinamiue  with  freshly-pre- 
cipitated lead  hydroxide.  The  residue  is  extracted  with  alcohol^ 
and  this  on  evaporati**n  leaves  a  syrup  from  which,  after  some 
months,  hard,  gUstening,  moDoclinic  piisina  separate,  having  the 
composition  (C^HjjNg)^  +  H^O.  These  ruclt  at  100^  with  loss  of 
water,  yielding  an  imperfectly  crystalline  mass  which  quickly 
absorbs  moiEture  from  the  air.  The  syrupy  sinamine  contains 
less  water  than  the  crystalline  hydrate.  Sinamine  possesses 
a  powerfully-bitter  taste,  has  a  strong,  alkaline  reaction, 
decomposes  ammonia  salts,  and  combines  with  acids,  though  it 
does  nut  form  solid  salts  with  the  exception  of  the  oxalate.  It 
precipitates  many  metallic  salts  and  combines  w4th  the  chlorides 
of  mercury  and  platinum  (Will).  According  to  Hofraann 
sinamine   is   probably  triaUijl  cyanuramide^   C^^{^^.C^^^} 

Ethyl  Alhjl  3Iimoihimarbamak,  CSCNaCaHJOC^H^.  is  formed 
by  heating  mustard-oil  with  alcohol.  It  is  an  alliaceous-smelling 
oil  boiling  at  210''— 215°.- 

AUyl  DUkiocuThamic  Acid,  CS(NH.CanjSH.  This  acid,  of 
which  the  salts  only  are  known,  was  termed  by  Will  mustard-oil 
sulphuretted  hydrogen,^  Its  constitution  was  first  determined 
by  Gerhaxilt.^  The  potassium  salt,  C^H^NS^K,  Ls  formed  by 
adding  mustard-oil  to  an  alcohoHc  solution  of  potassium  hydro- 
sulphide  until  the  smell  disappears.  It  is  then  allowed  to 
evaporate  in  a  vacuum,  when  it  deposits  in  large  rhombic  tables* 
If  a  solution  of  potassium  sulphide  be  employed,  the  salt 
CS(NKCjjHJSK  deposits  as  a  white,  granular  precipitate. 
Other  soluble  liy<lrosulphides  and  sulphides  give  similar  com- 
pounds, and  all  these  salts  easily  decompose  with  liberation  of 
oil  of  nuistard, 

Trkihyl  fhosphosinaminc,  ^Q^{C^^V{Q.M^^,  is  formed  by 
the  direct  union  of  mustard -oil  with  tricthyl  phosphine.  It 
crystaUizes  from  ether  in  tables  which  are  isoniorphous  with 
thiosinamine.  They  melt  at  ^^'^  and  decompose  at  a  higher 
temperature  into  trie  thy  Iphosphine  sulphide  and  allyl  carbamine.^ 

*  Bar.  Tkitfj^K  Ch4-m.  Gt».  ii.  603. 

*  Hofmftim,  Brr.  Deutach.  Chem.  Ges,  ii.  119. 

*  Ann.  Okcm.  Pkarm.  icil  69.  *  Tmiti  Chim.  Org,  Ii.  403, 

*  Hofmaim,  Ann,  Chtm,  Fharm*  Suppl  I  57 ;  Ber,  Ikutdeh.  Chem,  Oa.  iii. 
766, 
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736  Acrylaldchyde,  or  Acrolein,  CjH^O,  It  has  long  been  known 
that  when  the  fats  are  heated  a  Uquid  body  is  formed  possessing  an 
intensely  pungent  and  very  irritating  snielL  Bnchner  endeavoured 
to  isolate  it  by  distilling  lard,  and  he  thus  obtained  a  very 
volatile  liquid,  and  he  states  that  a  mouse  placed  for  one 
minute  in  air  containing  some  of  the  vapour  of  the  com- 
pound died  in  fifteen  minutes  after  taking  it  out,^  Hess, 
who  prepared  tUs  compound  from  oil  of  hemp,  concluded 
from  certain  reactions  that  it  was  aldehyde  (lam pic  acid),  and 
states  that  it  is  so  volatile  and  attacks  the  eyes  and  organs  of 
respiration  so  violently  that  any  idea  of  working  for  a  length  of 
time  ujwn  the  siibstance  must  be  given  ii]).'^  Bi^andes,  who 
prepared  it  from  cocoa-nut  oil  aud  other  fats,  could  not  obtain  it 
in  the  pure  state,*  He  gave  some  of  his  product  to  Berzeliua, 
who  ascertained  that  it  is  an  aldehyde  and  termed  it  acroUin, 
Redtenbacher  tlien  noticed  that  this  body  is  not  the  pn>duct  of 
decomposition  of  the  fatty  acids  but  of  fats,  and  is  therefor©  to 
be  regarded  as  a  decomiK)sition  product  of  glycerol,  and  he 
pointed  out  that  the  production  of  this  pungent  substance  might 
serve  as  the  best  proof  that  the  fats  contain  glycerol.  He  also 
proved  that  it  is  imj>ossible  to  prepare  pure  acrolein  from 
the  fats,  but  that  it  may  be  readily  obtained  in  the  pure 
state  when  glycerol  is  distilled  with  dehydrating  agents  such  as 
phosphorus  )>eutoxi(le,  or  acid  potassium  sulphate,  and  that  it 
is  the  aldehycle  of  a  monobasic  acid  to  which  he  gave  the  name 
of  acrylic  acid.* 

Acrolein  is  formed  from  glycerol  by  the  removal  of  the 
elements  of  water : 


CH^^on 


CH    -f 


2H,0. 


3H.0H      - 
3H,.0H  CHO 

In  order   to  prepare    it,   one  part  of   anhydrous  glycerol    is 


*  Gmclm,  ffandbo&kt  ix.  8^5, 

•  Omelin,  loc,  cU, 


*  Ann,  Chan,  Phartn,  xlvii  US, 
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distilled  with  two  parts  of  acid  potassium  sulphate.*  To 
obtain  it  in  the  anhydrous  condition,  and  to  free  it  from  acrjlic 
*cid,  it  is  collected  in  a  receiver  containing  calcium  chloride 
ad  lead  oxide  and  rectified  over  calcium  chloride.-^  Acrolein 
is  also  obtained  in  large  quantity  as  a  by-product  in  the  pre- 
paration of  o^nanthol  from  castor-oil  (Schorlemmer).  It  may 
likewise  be  prepared  by  tlie  oxidation  of  allyl  alcohol 

Acryl  aldehyde  is  a  mobile,  powerfully-refracting  liquid, 
boiling  at  5T-4f,  and  having  a  vapour  density  of  1'897  (Redten- 
bacher).  Its  vapour  attacks  the  mucous  membranes  of  the 
nose  and  eyes  in  a  frightfid  manner.  Red tenbacher  remarks: 
**  In  a  very  highly  diluted  conditiuii  the  smell  is  not  altogether 
unpleasant,  being  somewhat  ethereal,  but  a  few  drops  of 
acrolein  brought  into  a  room  soon  bring  the  company  U>  tears. 
It  chiefly  acts  upon  tlie  eyes,  the  vapour  producing  a  burning 
sensation  and  a  copious  flow  of  tears.  Tbe  eyes  remain  red, 
without,  however,  other  evil  consequences ;  but  on  repeated 
exposure  to  the  action  of  acruleiu,  inflammaiiun  sets  in,  and  this 
lasts  for  some  days.  The  action  cannot  however  be  stiid  to  be  a 
poisonous  one,  inasmuch  as  even  although  insensibility  may 
be  produced,  no  further  eflects  are  noticed.  Its  taste  is  a 
pungent  and  burning  one/'  When  exposed  for  some  length 
of  time  to  an  atmosphere  cootiihiing  small  quantities  of  the 
vapour  of  this  body  a  peculiar  feeling  is  experienced  similar  to 
that  which  is  felt  after  indulgence  in  modemte  quantities  of 
alcohol  (Schorlemmer), 

737  In  the  pure  state  it  may  be  preserved  without  alteration, 
but  in  the  impure  condition  it  is  soon  converted  into  a  white  amor- 
phous body  w^hich  is  probably  a  polymeric  modification,  and  has 
been  termed  duacryl.  Caustic  alkalis  convert  it  into  a  resin, 
and  atcohoUc  potash  or  sodium  ethylate  transforms  it  into 
monobasic  amorphous  hcxaeroiic  acid,  C^^Hj^O^,  whose  salts  are 
amorphous.^  Acrolein  absorbs  hydrochloric  acid,  a  crystalline 
compound  being  formed  to  which  Geuther  and  Cartmell  gave 
the  name  of  acroiem  hj/drochlarUe,  CyH^ClO,*  On  oxidation  it 
is  converted  into  j9-chlorpropionic  acid,  and  it  is  therefore  the 
aldehyde  of  this  substance.^    It  forms  white  silky  needles,  which 

^  Geuther  and  Curtimellf  id.  cziL  1 ;  Geuther  and  HIibDer,  ib,  cxIt,  ^ ;  C1&UB» 
Zeitseh.  Chrm.  \v.  156. 
'  Aronsteiii,  Ann.  Chem^  Phttrrn,  Suppl  uL  180. 

*  Clans,  Ann,  Chem.  Pharm,  Suppl.  U*  117  ;  Akbergf  Zdtaeh*  Chem,  i.  89. 

*  Ann,  Cfi^m,  Pfuirm.  exiu  3, 

*  Erestgwiiikgw,  Ben  IkuUch.  Chem.  Gts^  x.  UOi. 
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have  a  faint  rancid  smell,  are  insoluble  ia  water,  but  dissolve  in 
alcohol  On  heating  with  caustic  potash  it  yieldiJ  a  poiymeride 
of  acrolein  termed  meUicrokin,  This  is  slightly  soluble  in  hot 
water,  but  dissolves  in  alcohol,  and  crystallizes  in  long  needles 
which  melt  at  50"  and  have  a  peculiar  aromatic  smell  and  a 
coohag  and  afterwards  burning  taste.  On  distillation  it  decom- 
poses with  partial  re- formation  of  acrolein,  and  it  is  also  con- 
verted into  this  substance  by  heatiog  \\  ith  aqueous  hydrochloric 
acid,  wliilst  it  unites  the  gaseous  acid  forming  chlorpropion- 
aldehyde.  Phosphorus  pentachloride  acting  on  the  latter  com- 
pound yields  /J-chlorpropidene  chloride,  CH2CLCH^.CHClp,  a 
liquid  boiling  at  146'' — 148''.  It  can  also  be  obtained  in  a 
similar  way,  together  with  other  products,  from  acrolein.*  When, 
however,  hydrochloric  acid  acts  on  an  alcoholic  solution  of 
acrolein,  dietliyl  chlorliydrin  is  formed,^  and  when  heated  with 
alcohol  and  acetic  acid,  propeoylethyl  ether  is  produced  ( Alsberg) : 


II 
CH    + 

I 
CHO 


I 
SHO.C.H^    -     CH.OC.H,    + 

CHg-OC^Hg 


up. 


Some  doubt  has,  however,  been  lately  thrown  upon  the  last 
statement.* 

Acrolein  is  reduced  in  presence  of  zinc  and  hydrochloric  acid  to 
allyl  alcohol  and  acropimcoTU,  CH2^CH(0H).CH(0H).CH- 
CH^;  this  latter  body  is  a  camphor- like  liquid  boiling  at  160"* — 180** 
(Liunemann),  Acrolein  absorbs  oxygon  on  exposure  to  air  and  is 
converted  into  acrylic  acid,  a  body  which  is  also  obtained  by  the 
action  of  silver  oxide  or  an  ammoniacal  silver  solution,  with 
deposition  of  a  silver  mirror,  though  it  is  not  obtained  when 
more  violent  oxidizing  agents  are  employed,  such  as  dilute  nitric 
acid,  which  yields  glycoUic  acid  and  oxalic  acid/ 

If  ammonia  gas  be  led  into  an  ethereal  solution  of  acrolein,*  or 
if  acrolein  be  dissolved  in  concentrated  ammonia,*  an  amor- 
phous body  termed  acrolein  ammonia  is  formed,  which  has  the 
formula  2(CgHjjN0)  +  H^O.  This  is  insoluble  in  cold  alcohol 
and  ether,  and  combines  with  acids  to  form  amorphous  salts. 

^  Van  Rombnrfih,  Bull.  Soe,  Chim.  ixxvL  459  j  xxxTii.  98. 

»  AIsImtr,  JnhrtAb.  1864»  495. 

'  TawiMurow,  Brr,  Detitsch,  Chem,  Gfs.  lii.  1487* 

•  Claaa,  Ann.  Chcm>  Phnrm^  Siqipl.  ii,  118. 

*  Rcilteubaiher  ;  llubner  nnd  Gt'Uther, 

"  Claua,  Auji,  Cficm,  Pharm,  cxxx.  1S5, 
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It  therefore  probatly  belongs  to  the  family  of  the  aldines  (p*  75). 
It  decomposes  on  distiUation,  and  amongst  the  -products  picoline, 
CgHyN,  is  found/  a  body  occurring  in  animal  oils. 


Allidene  Compounds. 

738  Like  other  aldehydes  acrolein  acts  in  certain  respects  as  the 
oxide  of  a  dyad  radical  termed  allidaie,  C^H^.  The  following 
compounds  are  known  belonging  to  the  series.  They  are  obtained 
in  a  similar  way  to  the  ethideue  compounds  ^  (see  p.  67). 


AUidene  diethyl  ether, 
or  Acrolein  acetal, 

Allidene  dichloride, 
AUidene  chlorethylate, 
Allidene  diacetate, 


p   TT      J    CI 

^*^*  \  OCgH, 


B.P. 
140°— 145" 

115°— 120* 
ISO* 


Sodium  SulpkuUideTU'Stdphife,  or  Sulpkacrokin  Potassium 
Sulphife,  CjjH5(OH)(S03Na)2,  This  compound  is  obtained 
by  adding  acrolein  to  a  concentrated  solution  of  acid  sodium 
sulphite  until  its  smeU  disappears.  The  compound  has  tho 
following  constitution : 

CH.SO,.ONa 

Alcohol  precipitates  it  as  a  gummy  mass,  solidifying  to  a  wart- 
like solid.  Acids  Hberata  from  it  sulphur  dioxide  but  no  acro- 
lein, and  an  ammoniacal  solution  of  barium  chloride  precipitates 
barium  sulphite,  whilst  the  solution  contains  the  sodium  salt  of 
a-sulph<}pr(>pionald€hj/dc^  CH5.CH(S0^H).CH0.  On  oxidation 
with  silver  oxide  it  is  converted  into  a-sulphopropionic  acid,  a 
body  which  is  also  obtained  by  the  action  of  fuming  sulphuric 
acid  on  propionitriL  Sodium  amalgam  added  to  its  solution 
forms  oxi/propatu-suipkonu  add,  CH3CH(S0jjH).CHn.OH.    This 

^  Baeyer,  16,  civ,  2R8, 

'  Hubner  and  Geu  titer  ;  Aronabeim  ;  teu  Bomburgtu 
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11  also  obtained  by  the  action  of  sulphur  trioxide  on  propyl 

alcohol,  and  its  potassium  sn.lt  is  easily  produced  by  heating 
ally!  alcohol  with  a  concentrated  solution  of  acid  pot-assium 
sulphite.    It  forms  white,  i>early  needles*^ 


Acrylic  Acid,  CaH^O^. 

739  This  acid  was  obtained  by  Rodtenbacher  by  heating  im- 
pure acrolein  with  silver  oxide,  purifying  the  silver  salt  thus 
obtained,  and  then  decomposing  this  with  sulphuretted  hydro- 
gen. According  to  Glaus  the  best  method  of  preparation  is 
to  place  the  freshly  precipitated  oxide  in  a  flack  provided 
with  inverted  condenser,  and  gradually  to  add  a  solution  of 
1  part  of  acrolein  in  3  parts  of  water,  the  operation  being 
conducted  in  the  dark.  After  the  reaction  is  complete  the  whole 
is  warmed  to  the  boiling  point,  and  sodium  carbonate  added  to 
alkahne  reaction,  the  filtrate  evaporated,  and  the  residue  dis- 
tilled with  sulphuric  acid.  To  prepare  the  anhydrous  acid»  the 
pure  lead  salt  is  mixed  with  sand  and  decomposed  at  170**  in  a 
current  of  sulpliuretted  hydrogen.^ 

Acrylic  acid  is  also  easily  obtained  by  intimately  mixing 
j8-iodopropionic  acid  with  the  equivalent  quantity  of  lead  oxide, 
covering  the  mixture  with  lead  oxide  and  distilling.*  It  is  like- 
wise produced  when  ^-iodopropionic  acid  is  treated  with  an 
alcoholic  solution  of  caustic  potash,*  as  well  as  by  the  action  of 
zinc  and  dilute  sulphuric  acid  on  ^-dibrompropiouic  acid,°  and 
also  by  the  distillation  of  the  salts  of  hydracrylic  acid.** 

It  is  a  liquid  possessing  a  pungent,  acid  smell,  boiling  at  140*, 
and  solidifying  at  low  temperatures  to  crystals  which  melt 
between  7*  and  8^^  When  boiled  with  jdnc  and  dilute  sulphuric 
acid,  or  treated  with  water  and  sodium  amalgam,  it  is  converted 
into  propionic  acid.*  Fused  with  caustic  potash  it  yields  acetic 
and  formic  acids :  • 

CH,-CRCO,K  +  KOH  +  H,0=CHOX)K  +  CH3.CO2K  +  H, 

1  M.  Miiller,  Ber.  I>mt^h.  Chem,  G^g,  vl  1441. 
3  JrtTi,  Chan.  Fh<mn,  Suppi  iL  128. 
■  Wbliceiius,  1'^,  clxvi.  2. 

*  Erlenmeycr  And  Sclmoider,  Bet,  Dtmtftch^  Chfin,  Qes.  lii.  339, 

*  Caariary  and  Tolleni,  Ann,  Cktm,  Fkartn,  cbcriL  241, 

*  Beifstdn,  ib.  cxxii  872. 
^  Linatjmrtnn,  Ann.  Chem,  Pharm*  clxxi.  294, 
»  lb.  cixv.  S17,  "  EiJenmeyer,  *.  cxcL  876, 
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It  combines  with  bromine  to  form  )8-dibrompropiomc  acid, 
with  hydriodic  acid  to  form  )8-iodopropiomc  acid,*  and  with 
hypochlorous  acid  to  form  chlorolactic  acid.*  When  hydro- 
chloric acid  is  led  into  its  alcoholic  solution  the  ethyl  salt  of 
/8-chlorpropionic  acid  is  formed.^ 

Potassium  CLcrylcUc,  CjHgOgK,  forms  deliquescent  needles. 
Sodium  acrylate,  CjHgOgNa,  crystallizes  in  microscopic  needles, 
difficultly  soluble  in  absolute  alcohol  but  easily  soluble  in  strong 
spirit.*  Calcium  acrylate,  (C^TS.s^2)fi^f  forms  thick  needles 
which  easily  lose  acid.  Zitic  acrylate,  (C3H309)2Zn,  crystallizes 
in  glistening  scales.  Lead  acrylate,  {Ci^B^O^^h,  is  a  very 
characteristic  salt,  and  crystallizes  from  water  in  glistening 
needles  soluble  in  alcohol.  Silver  acrylate,  CjHjOjAg,  is  a 
curdy  precipitate,  and  crystallizes  from  hot  water  in  needles  or 
prisms. 

Ethereal  Salts  of  Acrylic  Acid.  Of  these  the  following  have 
been  prepared  by  Caspary  and  Tollens,*  by  acting  with  zinc 
and    sulphuric  acid    upon   the    corresponding    compounds  of 

/3-dibrompropionic  acid : 

B.P. 
Methyl  acrylate,  80**— 85^ 

Ethyl  acrylate,        101^—102'' 
Allyl  acrylate,  119**— 124" 


Substitution-Products  of  Acrylic  Acid. 

740  These  have  been  obtained  from  the  dichlor-  and  dibrom- 
propionic  acids  and  from  the  trisubstituted  lactic  acids 

M.P.         B.P 
®  a-Chloracrylic  acid, 

CH^^CCLCO^H  Liquid.  —       176°.181* 

^ /8-Chloracrylic  acid, 

CHCtCH-COgH  Plates.  84^85"        — 

®  a-Dichloracrylic  acid, 

C3H2CI2O2  Rhombic  prisms.    85*^-86''        — 

^  Wislicenus,  ih.  clxvi.  1. 

'  Melikow,  Bcr,  DciUsch.  Chem.  Ges.  xii  2227. 

•  Linnemann,  Ann.  Chem.  Phann.  clxiii  96. 

•  V.  Zotta,  Ann.  Chem.  Pharm.  cxcii.  106 
■  Anji.  Chem.  Pharm.  clxvii.  241. 

•  Beckurts  and  Otto,  Ber.  Deutach.  Chem.  OfS.  x.  1948. 

'  Pinner,  Ann.  CJicm.  Pharm.  clxxix.  85  ;  Wallach,  i6.  czciiL  28 ;  cciiL  94 ; 
"Weri^oand  Melikow,  Bcr.  DeiUfxh,  Chem.  Ges.  x.  1499. 

•  Bennet  and  Hill,  Ber,  Deutsche  Chem.  Ges.  xii.  656. 
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1  ^-Dichloracrylic  acid^ 

*  a-Bromacrj/lic  acid, 

*  S-Bromacrjlic  ar-id, 

CHBr-:CH.CO,H 

*  Dibromacrylic  acid, 

C.H^Br.O, 


M.P, 


B.P. 


Monoclinic  prisms.     IG'-TY^        — 

Rectangular  tables.    69-71^        — 

Needles.  IISMIG"        — 

85-86"  243-250* 


Ehombic  prisms. 

yS-Brotnacrylic  acid  and  ii3  ethyl  salt  easily  undergo  conver- 
sion into  amorplious  bodies  possessing  the  formula  (0^11403)01. 
and  termed  acrgl  colloids.  They  are  insoluble  in  water,  but 
Bwell  up  with  this  liquid  to  form  a  gelatinous  mass* 


CROTYL  COMPOUNDS, 

741  Crotyl  Alcohol,  CH3CH— CH-CH^OH,  is  formed  together 
with  butyraldehyde  and  normal  butyl  alcohol  when  croton- 
aldehyde  (p.  403)  or  butyl  chloral  (p.  106}  is  treated  with 
iron  filings  and  acetic  acid.  It  is  also  obtained  together  with 
carbon  dioxide  and  formic  acid  by  heating  butenyl  alcohol 
(p.  377)  with  oxalic  acid.  It  is  a  pungent-smelling  liquid 
boiling  at  118°  to  120^  and  is  converted  by  hydriodic  acid  into 
secondary  butyl  iodide. 

Crotyl  Iodide,  C^H^I,  is  obtained  by  acting  with  iodine  and 
phosphorus  upon  butenyl  alcohol.  It  boils  at  ISl'' — 133^ 
smells  like  allyl  iodide,  and  like  this  body  forms  a  crystalline 
compound  with  mercury.^ 

Isacroli/l  Mii^tard  Oil,  (CH3)2C=CH,N.CS.  When  iso- 
butyl ene  dibromide  is  heated  with  ammonia,  isocroti/lamine, 
(CH^ljCuGH.NHg,  a  body  boihog  at  75°— 78^  is  formed, 
together  with  isobutylene  diamine,  and  the  former  body  is 
converted  into  isocroiyl  ihiocarbimide  by  treatment  with  carbon 
disulphide  and  distillation  of  the  product  with  corrosive  sub- 
limate. This  boiiy  is  a  liquid  smelling  like  mustard  oil,  boiling 
at  179^  and  yielding  when  treated  with  ammonia  a  thio-urea 
resembling  thio-sinamine  (p.  394)  but  melting  at  85^" 

*  Walkcli,  loc,  til 

"  Watrner  ftnd  TolleEft»  Ann,  C?iem.  PharrrL  ebcd,  840  ;  Wiillach,  lac  cil, 

*  Jftckson  ftiii!  Hill,  Ber.  Itfttt^k,  Chtm.  Cfes.  %l  1673  ;  Hill,  ih.  3tii,  600 ; 
Petri,  jinii,  Chf.m,  Pharm.  cxcv,  70» 

»  Liebin  iWid  Zeisei,  Monatjih.  Chfm,  i.  318,  840. 

*  Hofma-tin,  Bcr.  UeuUcK.  Chem,  Ga.  vii*  51& ;  xii.  992. 


THE  CKOTONIO  ACIDa 


403 


The  Crotonic  Acids,  C^HqO^. 

742  In  1858  Sclilieppe  gave  the  name  of  crotonic  acid  to  an 
oily  liquid  wliich  he  obtained  from  croton  oil  {Croton  iiglvum)} 
Other  chemists,  however,  were  not  able  to  obtain  this  again,*  It 
probably  does  not  always  occur  in  the  oil,  and  perhaps  is  identical 
with  the  /3-cro tonic  acid,  mentioned  below.  The  name  crotonic 
acid  was,  however,  retained  to  designate  the  solid  acid  which 
was  obtained  from  the  nitril  and  aldehyde,  now  to  be  described, 

a'Crotonaldchyde,  C^H^jO.  By  heating  acetaldehyde  with 
certain  saline  solutions,  Lieben  obtained  a  liquid  possessing  the 
above  composition,  to  which  he  gave  the  name  of  aldehydii'tiher ; ' 
whilst  Bauer  found  that  a  very  pungent  smelling  liquid  is  obtained 
by  the  action  of  zinc  chloride  on  aldehyde,  and  he  considered 
this  to  be  a  polymeric  modification,  and  termed  it  acraldtkyde,^ 
Kekule  then  showed  that  these  two  bodies  are  identical,  and 
that  they  are  crotonaldehyde/  giving  the  following  equation  for 
its  formation : 


CHO.CH, 


CH3.CHO 


CH.CH„ 

II 
CH.CHO 


+    H,0. 


It  is  probable  that  aldol  (p.  168)  is  fijsfform&tl,  and  that  this 
then  decomposes  into  water  aad  crotonaldehyde*  The  latter 
compound  is  also  formed  when  acetylene,  C^Hj,  is  dissolved  in 
concentrated  sulphuric  acid,  and  the  liquid  distilled  with  water* 
Berthelot  considered  the  body  thus  obtained  to  bo  vinyl  alcohol, 
C^g^OH,  Instead  of  acetylene,  bromethylone  may  also  be  em- 
ployed J  Crotonaldehyde  also  occurs  in  the  products  of  distillation 
of  cnule  spirit^  In  order  to  prepare  it, pure  aldehyde  is  heated  with 
a  smrd!  quantity  of  zinc  chloride  and  a  few  drops  of  water  for  one 
or  two  days  to  100**.  The  unaltered  acetaldehyde  is  distilled  off 
and  the  crotonaldehyde  obtained  from  the  residue  by  distillation 
with  water  (Kekul^).  It  is  also  easily  obtained  when  ten  volumes 

1  Ann.  Chem.  Pharm,  cv.  24. 

*  Geuther,  ZeiUdi,  CJmn,  1S70,  26  ;  Geuther  and  FidMicli,  i5.  649, 

*  Ann,  Chem,  Pharm,  SuppL  i.  117. 

*  lb,  civii.  142.  ■  Ih.  cliiL  92,  309. 

*  La^jcmiark  und  Kltekow,  Ber,  I>euUch,  Chem,  (5m.  x  637  ;  lii,  693. 
^  Z^'iael,  Lkbcg's  Ann.  cxci.  369. 

^  Kidmer  and  Pmuer,  Bcr,  Ikutsch.  Chem,  Ges,  ill.  75. 
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of  acetaldehyde  are  heated  fur  twenty-four  hours  to  100**  with 
one  volume  of  concentrated  solution  of  sodium  acetate  and  the 
product  fraetionated.*  It  may  also  be  rea^Iily  prepared  by  dis- 
tilliug  aldul  under  the  ordinary  atmospheric  pressure,* 

Crotonaldehyde  is  a  mobile  liquid  possessing  at  first  a  fruit* 
like,  but  afterwards  a  very  pvmgent  smell.  It  boils  at  104**^ — 
105°,  and  at  0°  has  a  specific  gravity  of  1  033.  It  combines 
^ith  hydrochloric  acid  to  form  ^-chlorbutyraldehyde.  On  ex- 
posure to  air  or  in  contact  with  silver  oxide  it  yields  a-crotonic 
acid. 

CroioniirU,  C^H^N,  is  formed  by  the  action  of  water  on 
mustard-oil,  and  it  is  often  contained  in  this  substance  in  large 
quantity.  It  is  also  easily  formed  by  heating  allyl  iodide 
with  potassium  cyanide.^  If,  however,  allyl  chloride  be  brought 
in  contact  with  potjissium  cyanide  and  alcohol,  the  nitril  of 
^-ethoxy butyric  acid  is  formed,  a  liquid  boiling  at  173* — 174^* 

Crotonitril  is  an  unpleasantly  alliaceous-smelling  liquid^ 
boiling  at  II D",  and  at  0""  htwing  a  specific  gravity  of  0'8491. 
It  is  cunvertcd  by  hydrochloric  acid  into  ^-chlorbutyric  acid 
(Pinner), 

743  a-Cratonie  Acidj  CH3.CH~CH.CO2H.  This  compound^ 
wbich  is  also  termed  solid  erotomc  acid,  was  obtained  by  Will 
and  Komer  by  heating  its  nitril  with  alcoholic  potash.*  It 
likewise  is  formed  by  distilling  j8-oxybutyric  acid,*  or  by  heating 
alcoholic  potash  with  j8-chlorbut}Tic '  or  with  the  ethyl  salt  of 
a-brombutyric  acid,**  It  is  also  a  constituent  of  crude  pyrolig- 
neous  acid.*  It  dissolves  in  12  parts  of  cold  water,  more  easily 
in  boiling  water,  and  crystallizes  from  this  on  cooling  in  fine 
woolly  needles,  whilst  on  slow  evaporation,  its  solution  deposits 
large  monoclinic  prisms,  melting  at  72^  and  easily  subliming  in 
tablets.  Its  smell  i-esembles  that  of  butyric  acid,  and  it  boils 
at  189^  When  treated  with  sodium  amalgam  and  water  it 
remains  unaltered,  but,  on  the  other  hand,  it  combines  with 
hydrobromic  and  hydriodic  acids  to   form  substituted  butyric 


»  Lieben  and  Zelscl^  Monatjfh.  CJum,  L  820. 

*  Kewbnrg,  CompU$  JltniduSf  xcii,  IM, 

*  ClflUB,  Ann,  Chem,  Fharfn,  cxxxi.  58  ;  Kbine  and  Tollena,  t^.  cdix.  105. 

*  Rinne,  Btr,  Dcutaeh.  Chem,  <?«.  H  SS9 ;  Pinner,  t*.  xil.  20M, 

*  Ann.  Chem,  Pharm.  cxiv,  272  ;  Claus,  i6.  cxxxi  68* 
«  Wislieeniis^  Zeitmh,  Chem.  1869,  325. 

^  Balbiano,  Ber,  Deutsche  Chem.  OfS.  xi  S4S, 
«  Hell  and  Laaber.  ih,  \'ii  560, 

*  KrAniur,  £sr,  Deu/iich,  Chem.  Ota.  xi,  1356. 
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acids,  which  are  converted  in  presence  of  nascent  hydrogen  into 
normal  butyric  acid.^  On  oxidation  with  chromic  acid,  it  yields 
acetiddehyde  and  acetic  acid.  This  decomposition,  as  well  as  its 
formation  from  aldehyde,  leave  no  doubt  concerning  its  con- 
stitution. On  the  otiier  hand,  we  should  expect,  from  its 
synthesis  from  allyl  iodide,  that  its  formula  would  be  CHg— 
CH^CHg^CO^H.  Only  one  acid  of  this  constitntion  is  known, 
namely  ^n^rotonic  acid,  which  will  be  described  further  on. 
This  is  easily  converted  on  Iieating  into  the  a-compound,  and 
the  same  is  probably  also  the  case  with  the  nitril,  which  is 
doubtless  first  formed  from  mustard -oil  or  allyl  iodide,  and  in 
favour  of  this  view  is  the  fact  that  crotonitril  yields  acetic  acid 
on  oxidation,  whilst  this  acid  is  not  obtained  in  the  same  way 
from  the  allyl  compounds.^  Its  constitution,  therefore,  must  be  ' 
CH3,CH~CH.CN.  On  the  other  hand.  Pinner  gives  to  it  the 
following  constitution,  CH^—CH.CH^.CN,  and  assumes  that  by 
the  action  of  hydrochloric  acid  or  c^iiistic  potash,  ^-crotonic 
acid  is  first  formed,  and  that  this,  by  the  action  of  hydi'o- 
chloric  acid  or  water,  combines  to  fonn  j9-ch!orpropionic  acid, 
CHa-CHGlCH^^CC^aH,  or  ^-oxvhutyric  acid,  CH,.CH(0H),CH3. 
CO^H,  wliich  then  decompose  further  with  formation  of 
a-chlorcrotonic  acid. 

a-Chlorcroionw  Acid,  CH3.CH— CCICO2H,  is  formed  when 
trichlorbutyric  acid  is  treated  with  zinc  and  hydrochloric  acid,^ 
or  with  zinc-dust  and  water/  or  w^hen  butyl  chloral  (p.  166)  is 
boiled  with  a  solution  of  yellow  pmssiate  of  potash.^  It  crystal- 
lizes in  long  needles,  melting  at  IT'o,  and  dissolves  in  40'8 
parts  of  water  j  the  solution  proihicing  blisters  when  brought  on 
to  the  skin.  The  acid  melts  at  OT'^'o,*  boils  at  212",  and  com- 
bines with  nascent  hydrogen  to  form  a-crotonic  acid. 

744  0-Craonic  Acid^^  CH2=CH.CH3  CO.H.  This  compound, 
which  was  first  described  by  Gcuther^  is  sometimes  termed 
liquid  crotonic  acid  or  isocrotonic  acid  j  it  was  obtained  by  him 
from  acetacetic  ether  J  If  this  be  treated  with  an  excess  of 
phosphorus  pentachloriile,  the  cldorides  of  two  crotonic  acids 
are  formed.  If  these  be  decomposed  by  wat^r  and  distilled,  the 
'  Hcmilktt,  Ann.  Ckem,  Fharm,  dxxiv,  824 ;  Alberti,  Ber^  IkiUacK  Chsnu 

GCH.  DL  1195. 
=  Kekn]^  imd  Rinne,  Ber,  IktUaeh.  Chim,  Gt».  vi,  386, 
'  Kr&meranii  Knin^,  Ann.  Chcm.  P/utrrit,  clviii.  37. 

*  Saraow,  Ann.  Cfiem,  Phann,  cljtiv.  93. 

*  WuUach,  Ber,  Ikutsck.  Chejn.  Gcs,  x,  1530. 

*  KtihUmnin,  ih,  xi\.  233S. 

'  FrohJich  iuid  Geuther,  ZciUch.  Chem.  18fl9,  270;  Genthw,  ih.  1871,  242. 
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first  distillate  coataina  cldoTUOcrotonic  add,  CH2^^CCICH2.C02H, 
and  the  second,  0'chlorcroto7tic  acid,  or  ckiortetracr^lic  acid, 
CH^.CCl— CH.CO^H,  crystallizing  in  monoclinic  prisms  or 
needles,  melting  at  94° — 9 4"* '5,  and  at  12'''5  dissolving  in  44*4 
parts  of  water  (Kahlbaum),  It  boils  at  20G'— 211°,  and  is 
converted  by  sodiam  amalgam  and  water  into  a-crotonic  acid. 
The  chlorisocrotouic  acid  melts  at  59- "5  and  ci-ystallizea 
from  water  in  four-sided  prisms  having  obliqne  terminal  faces. 
It  boik  at  ID^'^'B,  but  volatilizes  easily  at  the  ordinary  tem- 
perature, and  it  dissolves  at  7"*  in  79  parts  of  water.  It  is 
converted  by  sodium  amalgam  and  water  into  isocrotonic 
acidp  a  liquid  having  a  pungent  smell  resembling  butyric  acid. 
This  is  miscible  in  every  proportion  with  water,  does  not 
solidify  at  — 15^  imd  boils  at  17  F '9,  a  large  portion  of  it 
passing  into  solid  erotonic  acid.  This  change  takes  place  more 
completely  when  it  is  heated  to  ISO''  in  a  closed  tube.^  This 
aarae  substance  is  also  formed  when  isocrotonic  acid  combines 
with  hydrobromic  acid,  and  the  brombut}Tic  acid  thus  formed 
is  decomposed  by  alkalis.  The  latter  acid,  but  not  isocrotonic 
acid,  combines  with  nascent  hydrogen  to  form  butyric  acid. 
Isocrotonic  acid  occurs  also  in  crude  pyroligneous  acid  (Kramer 
and  Grodski). 

745  Mcthacrylk  acid,  ^g- \C.COjH.     The  ethyl  salt  of  this 

acid  was  obtained  by  Frankland  and  Duppa  by  heating  ethyl 
oxyisobutyrate  witli  phosphorus  trichloride.  Itia  a  mubiie  liquid 
which  has  an  unpleasant  smell  of  mouldy  fungus.  It  is  easily 
decomposed  by  alcoholic  potash,  and  from  the  potassium  salt 
thus  obtained  niethacrylic  acid  is  readily  got  by  distillation  with 
sulphuric  acid.*  This  same  compound  is  also  formed,  together 
with  large  quantities  of  oxyisobutyric  acid,  when  bromisobutjTic 
acid  is  heated  with  20  parts  of  wa.ter,^  It  is  best^  however, 
prepared  by  boiling  citrabrompyrotartaric  acid,  C3H5Br(COjH)j, 
a  body  to  bo  described  under  citric  acid,  with  carbonate  of  soda 
solution.*  It  is  found  also  in  small  quantity  as  an  ethereal  salt 
in  Roman  cumin  oil.*  It  is  tolerably  soluble  in  w^ater  and 
crystallizes  in  long  prisms  which  melt  at  16"*  and  boil  at  160**-5, 
It  combines  %vith  nascent  hydrogen  to  form  isobutyric  acid,  and 


*  Hemiltan,  Ann.  Chem,  Pharm,  clxxir,  322. 
'  Journ,  Vhcm.  Soc,  xviii.  130. 

*  Thomstn*  Ann.  Chan.  Pharm,  cc.  Sftt 
^  Fittig  ftiid  Landolt,  id.  clxxznii.  81. 


*  Kopp,  ih,  cxcT*  82. 
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on  fusion  with  caustic  potash  decomposes  into  formic  and  pro- 
pionic acids.  When  heated  to  130'"  it  is  converted  into  a  poly- 
meric modification,  which  is  also  formed  when  the  acid  is  allowed 
to  remain  in  contact  w^ith  liydrochloric  acid,  and  gradually  when 
it  is  kept  in  a  closed  vessel.  Tliis  is  a  porcelain -like  mass, 
which  is  insoluble  in  all  indiflferent  solvents.  It  gelatinizes  in 
water,  forming  a  transparent  thick  liquid  from  which  a  white 
stringy  mass  separates  out  on  heating.  It  dissolves  slowly  in 
ammonia,  and  from  this  solution  calcium  chloride  or  barium 
chloride  precipitates  an  elastic  gummy  mass,  Tjvbich  on  heating 
with  water  becomes  hard,  but  on  cooling  again  assumes  an 
elastic  condition.  It  is  scarcely  attacked  by  fuming  nitric  acid, 
concentiated  sulphuric  acid,  or  by  caustic  potash,  and  is  decom- 
above  300''  without  foi^ming  methacrylic  acid*^ 


ACIDS  HAVING  THE  COMPOSITION,  C\HA* 
Akgelic  AciDj  CjHgO^, 
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746  Tliis  acid  was  discovered  by  Buchner  in  the  roots  of  An- 
gelica anhangdua^  and  investigated  more  completely  by  Meyer 
and  Zeuner,  who  found  that  the  roots  also  contain  valeric  acid.* 
Angelic  acid  is  also  found  in  large  quantities  in  the  sumbul-  or 
moscbus-  root^  {Enrangmm  Siwibtd),  a  plant  growing  Injgcly  in 
Turkistan  and  on  tlie  Amur,  and  the  roots  of  whieh  have  been 
long  UBed  as  an  excitant.  Cierhardt  found  that  angelic  acid  can  be 
easily  obtained  when  the  Roman  oil  of  cumin  (Anlhemu  noMHs) 
is  treated  with  alcoholic  jK>ta.sh,  and  he  believed  that  the  oil 
contained  the  aldehyde  of  angelic  acid,  which,  however,  lie  did 
not  succeed  in  isolating,^  Deroar(^ay»  in  another  investigation 
of  this  oil,  came  to  quite  other  conclusions-  According  to  him, 
it  is  essentisilly  a  mixture  of  valeric  acid  and  the  angelic  salts  of 
butyl  and  amyh®  That  it  does  contain  ethereal  ^alts  has  been 
shown  also  by  Ktibig ;  no  valerate  is,  however,  contained  in  it. 


'  Ann.  Clicm.  Phann.  xlii.  226» 
Rcmach 


*  Engflliorn»  Lubuj'M  Ann.  fc.  70. 

*  Ann.  Chtm.  Pharm.  h%  317. 
^  Reinacb,  Jahrb,  pr.Phamu  vii,  7&i  Reinsch  Mid  Hopf,  ii.  x\,  217 

and  Rick«jr.  ib>  xvi.  12. 

*  Ann.  Chem.  Phann,  Ixvi  235.  •  C&mpi,  Bend,  btxviL  860. 
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but  an  ethereal  salt  of  an  acid,  tiglic  acid,  isomeric  with  angelic 
acid.*     By  fractional  distillation  he  obtained  the  following : 

B.P. 
Isobutyl  isobutyrate,    C.H^O/C^H,)     14r— 148* 
Isohntyl  angelate,         C^HyOs(C,H^)     177'— ITT'o 

Amyl  angekte.  C.H^O^faHii)    200'— 201** 

Amyl  tiglate,  C^HjOa(C5Hj,)    204'— 205' 

Of  these  the  isobutyrate  is  contained  only  in  small  quantity. 
In  addition  to  these  tlie  oil  cootaiiis  tiglates  and  angelates  of  an 
hexyl  alcohol,  which  cannot  be  distilled  without  decomposition, 
and  of  antliemol,  Cj(jHjjj(OH), 

In  order  to  prepare  angelic  acid,  100  grams  of  Roman  oil  of 
cumin  is  distilled  in  a  water-bath  with  a  reversed  condenser 
with  200  grams  of  ordinary  alcohol  and  5Q  grams  of  caustic 
potash  for  eight  to  ten  hours.  The  liquid  is  then  distilled  off, 
water  added  to  the  residue,  and  the  whole  again  distilled,  in 
order  to  remuve  hydrocarbuus,  the  liquid  acidified  with  sulphuric 
acid,  and  the  distillation  again  continued  until  no  further  acid 
comes  over.  The  oil  which  swims  ujwn  the  top  is  removed,  and 
the  acid  distillates  which  follow  neutralized  with  carbonate  of 
soda,  the  solution  evaporated,  and  the  residue  decomposed  with 
sulphuric  acid,  when  again  an  oil  separates  out  which  is  united 
wnth  the  first  portion.  By  fractional  distillation  the  acid  may 
be  partly  separated,*  but  a  quicker  method  is  to  collect  the 
fractions  boiling  between  18F  and  IQo"  and  convert  these  into 
the  calcium  uidt  The  cold  saturated  solution  on  wnrming  to 
60** — 70**  deposits  calcium  angelate,  which  may  be  purified  by  a 
repetition  of  this  process.* 

Angelic  acid  is  difficultly  soluble  in  cold,  but  readily  soluble 
in  hot  water,  and  crystallizes  in  long  monoclinic  prisms,  which 
have  an  aromatic  smell  and  melt  at  44'' — 44'' 5.  It  boila  at 
185**,  and  when  boiled  for  some  time,  as  well  as  when  heated 
with  sulphuric  acid  to  100**,  is  converted  into  tiglic  acid.  On 
fusion  with  caustic  potash  it  decomposes  into  acetic  and  pro- 
pionic acids^  and  it  combines  w*ith  bromine  and  hydrobromic 
acid  to  form  brominated  valeric  acids.  Sodium  amalgam  and 
water  do  not  alter  it,  but  wlien  heated  with  hydriodic  acid  and 
red  phosphorus  to  180° — 200°  it  is  converted  into  a  valeric  acid/ 

^  Liebifs  Ann.  czcT.  92.  *  Eopp,  Litbi^i  Ann.  ezoT.  81. 

•  Pftgenj»twher,  Liehiff'9  Ann.  cicr.  lOS. 

*  Aflcher,  Ber,  IkuUck,  Chcm.  <It$,  u*  6S5. 
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which  according  to  Schmidt  is  methyl-ethyl-acetic  acid.  If  the 
dibrom-valeric  acid  be  heated  with,  sodium  amalgam  and  water 
the  bromine  is  removed,  bat  instead  of  angelic  acid  its  isomeride 
tiglic  acid  is  formed.  The  change  from  angelic  to  tiglic  acid 
-also  tiikes  place  slowly,  simply  on  keeping  the  first-named  acid.^ 
Calcium  Aiigdate,  {C^RnO^jS^-i-^lifi,  dissolves,  as  has  been 
stated,  more  readily  in  cold  than  in  hot  water,  and  the  solution 
saturated  at  iT^'b  contains  23  parts  of  the  anhydrous  salt;  but 
when  heated  to  35*^^ — ^40",  splendid  glistening  long  needle-shaped 
crystals  separate  out,  the  quantity  increasing  with  the  rise  of 
temperature,  eo  th^it  at  60** — 70**  a  thick  crystalline  semi-solid 
mass  is  formed,  and  if  the  experiment  be  carried  out  in  a  closed 
tube  the  whole  dissolves  again  completely  on  cooling  (Kopp). 


747  TiGUC  At;iD,  CfiH^Og, 

was  first  prepared  by  Frankland  and  Duppa  by  the  action  of 
phosphorus  trichloride  upon  ethyl  metho-ethoxalate.^  It  was 
termed  by  them  methyl-crotonic  acid.  Geuther  and  Frohlich  ^ 
r obtained  an  acid  of  this  composition  from  croton  oil  {Oroton 
tiglmm)y  which  contained,  together  with  the  glyceride  of  this 
acid,  those  of  other  volatile  and  non-volatile  acids*  This  acid 
they  considered  to  be  identical  isith  methyl-crotonic  acid,  aDd 
the  correctness  of  this  supposition  was  proved  by  Schmidt  and 
Berendes,*  It  is  also  obtained  by  the  distillation  of  a-methyl- 
/9^oxybutyric  acid,  CH,.CH(OH).CH(CH3).C0,H »  or  when 
this  acid  ia  heated  with  concentrated  hydriodic  acid.**  It  is, 
however,  best  prepared,  together  with  angelic  acid,  from  Roman 
cumin-oil.  Tighc  acid  dissolves  witli  some  difficulty  in  cold,  but 
readily  in  hot  water,  and  erystaUizes  in  triclinic  tables  or  prisma, 
which  melt  at  G^'^'S,  whilst  a  mixture  of  this  acid  with  somewhat 
more  than  a  molecular  proportion  of  angelic  acid  is  Uquid  at 
tie  ordinary  temperature.  It  possesses  an  aromatic  smell  re- 
embUng  that  of  benzoic  acid,  and  boils  at  1 08'' *5,  yielding  a 
rapour  which  causes  violent  coughing.  When  heated  witli 
iodine  and  phosphorus  to  160°  it  is  transformed  into  methyl- 
ethyl-acetic  acid,  whilst  treated  with  bromine  and  bydiobromic 


'  Schmidt,  Ann,  Chenu  Pharm,  ccviu.  24& 
*  Ann,  Chem,  Pharm*  cxixvi.  Si, 
^  Ann,  Chem,  Fharm.  cjcci.  94. 
^  Rt;lirb«ek,  t^.  clxxxviiL  *Z^5, 


»  ZcitacL  Chm,  1870,  450. 
*  Riicker,  ih,  cd.  61. 
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acid  it  fields  the  same  products  as  does  angelic  acid,  and  like 
this  latter  acid  it  yields  acetic  and  propionic  acids  on  fusing 
with  caustic  pitasli. 

Vahium  Tiglatc^  i^^-P^t^^  +  SH^,  is  more  difiBcultly 
soluble  in  cold  water  than  calciom  angcdate,  100  parts  of  the 
solution  satunited  at  17**  containing  G  05  piuts  of  the  anhydrous 
salt.  It  is  much  more  soluble  in  hot  water,  and  crystallizes  on 
cooling  in  white  plates  (Kopp). 

Tlie  several  reactions  by  which  tiglic  acid  is  formed  leave  no 
doubt  as  to  its  constitution,  but  that  of  angelic  acid  has  not  yet 
been  definitely  fixed.  That  angelic  acid  yields  the  same  reac- 
tions as  tiglic  acid  does  with  bromine,  hydrobromicacid,  hydriodic 
acidi  &c.,  is  explained  by  the  fact  that  it  is  readily  convert^ 
into  this  latter  acid.  It,  therefore,  seems  probable  that  the  two 
acids  stand  to  one  another  in  the  same  relation  as  tbe  two 
crotonic  acids  do.  Tlie  followijig  formulae  would  then  represent 
their  constitution : 
Angfclic  Add, 

CH.-C(CH,)CHXO,H. 

748  Tiglkukhhydc,  C^HgO.  Deville,  in  184S,  found  amongst 
the  products  of  the  dry  distillation  of  guiacum  resin,  a  liquid 
of  tbe  above  composition  to  which  be  gave  the  name  of  guajacenf 
atlding  that  when  exposed  fo  the  air  this  liquid  absorbed  oxygen, 
being  converted  into  a  body  crystallizing  in  fine  plates.*  This 
body,  which  was  afterwards  known  as  g-utfjol,  was  considered  by 
Gerhardt^  to  be  angelicaldcliyde,  but  Hli^iwetz  and  v,  Gilm* 
disproved  this  supposition,  since  on  fusing  with  caustic  potash 
it  yielded  no  angelic  acid.  That  guajol  is  the  aldehyde  of 
tiglic  acid  was  tlien  recognized  by  Her  zing,  who  showed  that 
the  crj^stals  produced  by  the  absorption  of  oxygen  when  the 
liquid  is  exposed  to  the  atmosphere,  aie  those  of  tiglic  acid.* 

Tiglicaldehyde  has  also  been  prepared  by  Liebtn  and  Zeisel 
by  the  condensation  of  a  mixture  of  acetaldchyde  and  propion- 
liyde.*  It  is  a  liquid  boiling  at  about  US'*,  having  a  sweet,  burning 
taste  and  a  narcotic  smell  resembling  that  of  bitter  almonds, 

Aili/lHwetic  Add,  CHg=CH,CH2CH2,CO.H.  The  ethyl 
salt  of  this  acid  is  obtained  when  allyl  acctacetate  is  heated 
with  dry  sodium  etbylate  to  150^ — 160^^     The  acid  prejiared 


Tiglic  Acid. 

CH,.CH-C(CH3)C0jH. 


'  Ctmtpt,  lUnd,  xviL  114S  :  x\x,  134. 

•  Ann,  Chtm.  Fhnrm.  vl,  379. 

•  Ber.  Ikuf^eh.  Chrm.  fits,  xir,  592* 

•  ZeidJer,  Ann,  C/icrn.  Pharm.  clxxitii.  TO. 


*  MojMt^h.  Chcm.  iii.  118. 
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from  this  18  an  oily  liqiiid  boiling  at  187** — 189V  possessing 

an  odour  resembling  that  of  valeric  acid  It  is  also  formed  by 
heating  allyJ-malonic  acid,^  Dilute  nitric  acid  oxidizea  it  to 
succinic  acid.  Its  calcium  salt,  (C^H70a)2Ca  i-  211^0,  funus 
pearly  glistening  plates  which  dissolve  readily  in  water, 

Dimdhyl-aerylic  Acid,  (CHj^j^C— CH^COjH^  was  first  obtained 
by  Semljanizin  and  Saytzew  by  the  action  of  phosphorus  tri- 
chloride on  ^-oxy valeric  acid,  and  supposed  to  be  angelic  acid.^ 
ililler  then  obtained  it  by  distilling  the  oxyacid  with  dilute 
sulphuric  acid.*  It  is  readily  soluble  in  water  and  forms 
K    monoclinic  prisms  which  melt  at  69°*5 — 70**. 

I        Only 
■      ,749  ' 


ALCOHOLS  HAVING  THE  FORMULA  C^H.^O. 
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Only  secondary  and  tertiary  alcohols  of  this  group  are  kno^^Ti. 

749  Mdkyhisocrotyl  Carhinol  or  ButaUyl-mcthyl  Carbinol^ 
CH,=CH,CH2-CK.-CH(0H).CH,.  By  the  action  of  allyl  iodide 
on  ethysodacetacetite.  cthyi'alh/l'acetacctate,  CK.^,CO.vii{C^K^) 
COj-C^Hj^  is  obtained,  a  liquid  boiling  at  206''  and  yielding  a 
beautiful  crimson-red  colour  with  ferric  chluride.  Alcoholic 
potash  decomposes  this  with  formation  of  allyl-acetic  acid  (p.  410), 
and  allyl-acetonc  or  methyUisocrotyl  ketone,  CH.,— CH^CH^CH^. 
C0,CH3,  which  bulls  at  128'— 130°,  and  has*  a  charaeteristrc 
unpleasant  smell. ^  When  this  is  mixed  with  water  and  ether, 
and  sodium  gradually  added,  the  secondary  alcohol  is  formed ; 
this  boils  at  138**— 139",  has  at  16''  a  specific  gravity  of  0-842, 
and  possesses  a  characteristic  sweet  smell  somewhat  resembling 
that  of  aliyl  alcohol.  On  heating  with  acetic  anhydride  the 
acetate  is  formed,  boiling  at  147° — 149^*'  The  compound 
described  as  diallyl  hydrate,  whose  formation  is  referred  to 
under  diallyl,  is  doubtless  identiciU  with  the  secondary  alcohol. 

Dimdhyl^albjl  Carhinol,  C^ll^.C(CU^)pR.  To  prepare  tliis 
impound,  a  mixture  of  equal  molecules  of  acetone  and  allyl 


*  Mesm-rschiniilt,  iL  ccviiL  fi2. 

»  Com  lid  and  Bischolf,  Ann,  Ch^m,  Pharm.  cciv.  170. 


•  Lub,  Ann.  cxcviL  73. 

'  Zeitller,  Lirb,  Ann,  clixxvii,  30. 

^  J.  K.  Crow,  Lkb*  Ann.  ecL  42. 


«  lb.  cc  201. 
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iodide  is  brought  very  slowly  into  contact  with  zinc  cooled  with 
ice,  and  the  product  distilled  with  water ; 


(1) 


CH, 

io 


C3H.I 


+     Zn 


H, 


CH, 


CHj 
CH, 


i 


\OZnI 


+    2H.0    = 


CH, 


y\OH 
CH, 


-f    Zn  (OH)L 


Dimethyl-allyl  carbinol  is  a  liquid  possessing  a  faint,  pleasant, 
camphor-like  smell.  It  boils  at  1 19^**5,  has  at  0°  a  specific 
gravity  of  0*8438,  and  combines  with  water  to  form  the  hydrate, 
QH^gO  +  H3O.  boiling  at  116''— 117'.*  On  oxidation  with 
chromic  acid  solution  it  first  forms  )8-oxyvaleric  acid,  formic 
acid,  and  acetone,  whilst  potassium  permanganate  yields  a  larger 
proportion  of  ^-oxyvaleric  acid,  together  with  formic  and  oxalic 
acids.^ 

When  the  alcohol  is  heated  with  acetic  anhydride  to  loff*  the 
acetate  is  formed.  This  is  a  liquid  possessing  a  fruit-like  smeU, 
bailing  at  1 37^**5,  and  having  at  0°  a  specific  gravity  of  0'9007. 

Bimeth^l'isoaii^l  Carbiiwl,  CHa.CH^CH.CCCHJjjOH,  is  ob- 
tained by  the  action  of  a-crotonyl  chloride  on  zinc-methyl,  and 
is  a  thick  oily  hquid  which  boils  between  110''  and  llo*"^ 


ACIDS  HAVING  THE  COMPOSITION,  C^H,,0,. 

750  PifrokrfHc  Acid,  or  Isopropp!-acrt/Hc  Acid,  (CH3)gC— CH. 
CH^.COgH.  Terebic  acid,  C^Hj^^O^,  which  is  formed  by  the  oxi- 
dation of  oil  of  turpentine  with  nitric  acid,  is  converted  on  beat- 
ing, as  was  found  by  Babourdin,  into  carbon  dioxide  and  a  new 
compound  which  he  termed  acidepyroicrehiliqiu}  This  last  acid 
was  further  examined  by  several  cheinists,^  who,  finding  that 

*  M.  and  A»  Saytzew,  Ann.  Cfn^m.  Fhnrtnr.  chntxr.  151, 175. 

a  Schirokow,  Jouni,  PralL  Chan.  [2],  xxill  205, 
»  Pawkwaky,  Ber.  DeuUch,  Chan,  Ocs.  \\  ^Jl, 

*  iV,  Jourji.  Pkerrm.  yu  196. 
^  Chniitttrdj  Mm.  Cli^rm.  xxvili  1P2 ;  Carletou* Williams,  Chem, 

livii,  70;  Miekk,  Licb,  Ann.  clxix»  61  j  Bredt  and  Fittig,  co*  58. 
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the  substance  has  a  constant  boiliog-point,  considered  it  to  be  a 
definite  ehemical  compound,  Bredt  and  Fittig,  however,  after- 
wards proved  that  it  is  a  mixture  of  the  lactone  of  oxyisocaproic 
acid  with  an  acid,  for  which  they  retained  the  name  of  pyrot-erebic 
^acid,*  This  latter  is  an  oily  liquid,  possessing  a  charact^rifitic, 
amew hat  acrid,  amell,  solidifying  at  —15°,  aod  being  transformed, 
partly  on  distillation  and  completely  on  continued  heating,  into 
the  isomeric  lactone.*  This  remarkable  change  is  explained  by 
the  following  equation : 

Cn,/  I  CH3/     I        I 


HO.CO 


0-CO 


The  characteristic  calcium  salt,  (C^HgOJjjCa  H-  SH^O,  crystal- 
lizes from  hot  water  in  glistening  prisms* 

Pyroterebic  acid  combines  with  bromine  to  form  dibroTn- 
isocaproic  acid,  CflH^pBrgO^  farming  large  crystals  melting  at 
99** — 100'.  According  to  Williams,  acetic  and  isobutyric  acids 
are  formed  on  fusing  crude  pyroterebic  acid  with  caustic  potash, 

751  Mhyl-croionic  Acid,  CE^X:B—GiC^H^CO,fi,  The  ethyl 
salt  of  this  acid  is  produced  when  diethyloxalic  ether  is  lieated 
with  phosphorus  trichloride.  It  is  a  liquid  boiling  at  163^  having 
at  13*"  a  s|>ecific  gravity  of  0'9203,  and  smelling  like  pepper- 
mint* This  ethereal  salt  is  also  formed  when  diethyloxalic  ether 
is  treated  with  phosphorus  pentachloride,  and  the  cldordiethyl 
acetic  ether,  (CaHJ^CClCOgCjHg,  thus  produced,  subjected  to 
distillation.*  By  conversion  into  the  potassium  salt  and  dis- 
tilling this  with  dilute  sulphuric  acid,  the  acid  is  obtained,  which 
crystallizes  from  ether  in  oblique  prisms,  melts  at  41^  and  boils 
at  209°  i  it  volatilises,  however,  at  the  ordinary  temperature 
and  has  an  odour  resembling  that  of  benzoic  acid.  It  is  also 
produced  by  the  distillation  of  ethyl*/9*oxybutyric  acid,^  whilst 
it  is  a  remarkable  fact  that  the  isomeric  diethyloxalic  acid  when 
heated  by  itself  does  not  yield  ethyl-crotonic  acid  but  an  isomeric 
compound,  a  liquid  boiling  at  198°,  and  not  solidifying  at—  18^ 
Fuming  hydrobromic  acid  converts  tliis  at  once  into  ethyl 
crotonic  acid,  and  the  same  change  is  produced  on  heating  with 

*  Zieb.  Ann,  cc.  259,  »  Ih,  Tittig  and  Ceisler,  ih,  ccriii.  87. 

•  Fnmkknd  and  Duppa,  Chem,  Soe,  Journ,  xviii.  133;  Fittig  and  Howe,  Lidh 
Ann.  ce.  21. 

*  MftrlcomiLkoH'  and  Drobjaakin,  B^r.  Dexilffh.  dwm,  Ge8.  vi,  11  ?5. 

•  Waldschiiiidt,  Ann,  Okem.  Fharm,  clxxxviii  245* 
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dilute  sulphuric  aeifl  nr  caustic  potash,^  whilst  both  acirls  when 
fused  with  the  latter  substance  yield  acetic  and  butyric  acids. 
It  seems  probable,  therefore,  tliafc  the  isomerism  of  these  two 
acids  is  similar  to  that  of  cro tonic  and  isocrotonic  adds. 

Ethyl-crotonic  acid  is  not  affected  by  sodium-amalgam  and 
water.  It  combines  slowly  with  concentrated  hydrobromic  acid, 
fonning  hrnmhydro-eihifl-crotmviG  add,  Cj^H^BrO^i  a  crystalline 
mass  meltiDg  at  25**  and  yielding  with  sodium-amalgam  and 
water  a  fatty  acid  of  the  composition  C^Hj^O^.  From  its  mode 
of  formation  this  should  be  diethylacetic  acid,  but,  as  in  some 
points  it  differs  from  this  acid,  Fittig  and  Howe  have  given  to 
it  the  provisional  name  of  hydro-cthyl^rotonie  acid. 

The  brominatcd  acid  easily  splits  up  in  alkaline  solution  into 
carbon  dioxide  and  a-methyl-ethyl-ethylene,  a  metallic  bromide 
being  at  the  same  time  formed. 

Ethyl-crotonic  acid  combines  with  bromine  to  form  dibrom- 
hydro-dhyl-crotomc  acid,  C^Hj^jBr.^O.,,  which  separates  from  solu- 
tion in  carbon  disulphide  in  large,  transparent  crystals,  melting  at 
H(f'5.  When  heated  with  water  to  100**,  brom-methyl-ethylene 
is  formed,  together  with  fi^xeric  acid.,  CH3.CH(0H).C(0H) 
(C2H^).C0.,H.  This  latter,  which  is  an  bomologue  of  glyceric 
acid,  dissolves  readily  in  water,  and  crystallizes  from  ether  in 
needles  or  rhombic  prisms,  melting  at  141^ 

Methykihylacrokin,  C^HgCH  —  C(CH3)C0H,  was  obtained 
by  Lie  ben  and  Zeisel  by  acting  on  propionaldehyde  with  a  solu- 
tion of  sodium  acetate.  It  is  a  hquid  having  a  sharp  penetrating 
odour,  boiling  at  137°,  and  combining  with  acid  sodium  sulphite 
to  form  a  crystiilliae  compound.  With  bromine  it  combines  to 
form  a  dibromcaproic  aldehyde.*  When  acted  on  by  acetic  acid 
and  iron  filings  it  yields,  together  with  the  corresponding  alcohol, 
propyl-meth)  I  alcohol  and  also  the  aldehyde  of  metljyt-propyl- 
acetic  acid.  Hence  its  constitution  is  established,  and  its 
formation  is  as  follows  : 

CH*  yCHg 

=  CH3,CH.CH-C<  +   H„0. 

CH,  '  X!OH 

COH 

75a  ITifdromrhic  Acid,  or  Propjl-acryUc  Acid,  CHj.CHg.CH2.CH 
^CH.C04H,  is  formed  by  the  action  of  aodium-amalyam  and 

>  Erlcnmcver,  Ber.  DaUtch.  Chtm,.Qei.  zii.  1351. 
■  MmuUaiL  Ohm.  ir.  I. 
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ffater  on  sorbic  acid,  C^fl/)p  which  is  obtained  as  a  by-product 

in  the  preparation  of  malic  acid  from  mountain-ash  berries*  It 
is  a  liquid,  boiling  at  208**,  having  at  19**  a  specific  gravity  of 
0969,  and  not  solidifying  in  a  freezing  mixture.^  On  long- 
continued  heating  the  boiling-point  rises  considerably,  witliout. 
however,  a  product  of  constant  boiling-point  being  obtainetl. 
Ln  acid  occurring  in  small  quantity  in  croton  oil  is  probably 
^  identical  with  hydrosorbic  acid*^ 

On  fusion  with  caustic  potash,  hydrosorbic  acid  splits  up 
into  acetic  and  normal  butyric  acida  It  combines  with  bromine 
'to  form  a  liquid  dibromcaproic  acid,  whilst  sorbic  acid  combines 
'•with  hydrobromic  acid  to  form  a  dibromcaproic  acid  which  forms 
large  compact  colourless  transparent  ciystals,  fusing  at  68^ 
Hydrosorbic  acid  also  combines  readily  with  hydrobromic  and 
hydrio<lic  acids,  forming  substitution -products  of  normal  caproic 
acids,  which  are  converted  into  the  latter  by  nascent  hydrogen. 

Calcium  Hydrosorhate,  (CgHgC^l^Ca  +  H2O,  crystallizes  in  con- 
centrically-grouped needles,  which  dissolve  more  easily  in  cold 
than  in  hot  water. 

Ethyl  Ht/dromrhaif,  C^H^0^(C2H^},  is  a  liquid  having  a  fruit- 
like  smell,  and  boiling  at  166**— 167^ 

In  adtlition  to  the  acids  above  described^  the  following  acids 

of  this  group  are  known  : 

M.P.  B.R 

*  IsopyToterebic  acid.      Liquid.      —  213" — ^215* 

*  Hexyleuic  acid,  Needles.     39**  — 

753  Tcracr^lic  Acid,  C^Hi^Og,  is  obtained  by  the  dry  distillation 
of  terpen  tic  acid,  C^Hj-^O^,  tlie  latter  being  formed  when  oil  of 
turpentine  is  oxidized  with  chromic  acid.  Teracrylic  acid  is  an 
oiiy  liquid,  having  an  odour  resemblin$:r,  but  pleasauter  than, 
valeric  and  caproic  acids.  It  boils  at  218**  and  does  not  solidify 
in  a  freezing  mixture.  Its  calcium  salt,  (C-}i^^O^)jCfi-^  BUfit 
crystallizes  in  hing  prisms,  whicli  are  readily  soluble  in  cold 
water,  but  on  heating  with  water  fall  to  a  powder,  which  dissolves 
again  on  cooling.  When  the  acid  is  fused  with  caustic  potash, 
the  only  fixed  profhict  is  acetic  acid,  together  with  a  small 
quantity  of  an  acid  that  is  non-volatile  in  a  current  of  steam, 

'  Fittig  and  BarrinRer,  Ann,  Chem,  Fhann,  clxl  309  ;  Fittig,  StsM,  Lnnils- 
berg,  anil  Engelhom*  ih.  re  42. 

-  Schmidt  and  Berendes,  ib.  cxd.  121. 

'  LftgeTmark  ind  Eltekaw,  Joum»  JtttM.  Chem,  Ocs.  xi.  125  ;  Bcr.  IkuitaeK 
Chtm,  €k».  xii.  854. 

*  Pinner^  B^r,  DcxUmK,  Chem.  Q*^,  %,  JQCi. 
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When  teracrylic  acid  is  brouglit  into  contact  with  fuming  hydro- 
bromic  acid,  bromlieptoic  acid  is  first  formed ;  this  is,  however^ 
very  unstable  and  quickly  gives  off  hydiobromic  acid,  and  yidds 

.CO 
heptolado7ic,  C^i^C  I 
^O 

This  is  a  colourless  liquid,  possessing  a  weak  odour,  boiling 
at  220°,  and  yielding  when  cooled  a  crystalline  mass  melting  at 
11",  At  0°  it  dissolves  in  12  volumes  of  water  j  on  warming* 
the  solution  becomes  turbid,  and  at  30°— 50''  the  liquid  has  a 
milky  appearance,  and  the  lactone  separates  out  in  part  in  oily 
drops,  which  dissolve  again  above  80\  On  cooling  again  to 
0''  the  same  plienomeaa  are  observed  in  reverse  order. 

When  the  lactone  is  boiled  with  the  hydroxides  of  the  alkali 
metals  or  of  metals  of  *the  alkaline  earths,  the  salts  of  the 
corresponding  oxi/hrptyiw  acid,  C^Hj^O^,  are  formed,  but  the  acid 
itself  does  not  exist  in  the  free  state*^ 

Damoluric  Acid,  isomeric  with  teracrylic  acid,  has  been  found 
by  Siadeler  in  the  urine  of  man,  of  the  horse,  and  of  the  cow 
(Sfl/AaXt<?,  heifer).  It  is  an  oily  liquid,  having  a  characteristic 
smell  resembling  that  of  valeric  acid.  The  homologue  damdic 
acid,  CjjH^.^02,*  is  also  found  with  damaluric  acii 

*  Fittignnd  Kmfft,  Ltrb,  Ann.  ccviii,  71. 

*  Lub,  Ann.  IxxviL  27, 


COMPOUNDS  CONTAINING  TEN  TO  FIFTEEN 
ATOMS  OF  CARBON. 

754  Of  these  tbe  following  tertiary  alcohols  having  the 
composition  C^Hj^O.  are  known*  They  are  ohtained  in  a  way 
similar  to  their  lower  homologues ; 

^  Allyl  diethyl  carbinol,  C^H^fCgHJ^COH  156"    0  8891 

^  Allyl  methyl  propyl  carbioul, 

C^H,(CHjj)(C3H7)COH    159"— 160^    0'8486 

Alcohols  having  the  Composition  CioHj^^O, 

^  Allyl  dipropyl  carbinol, 

C3H,(C3H,)jCOH  192'    0  8602 

*  Allyl  di-isopropyl  carbinol, 

C3H5[(CH^,CH],C0H  1G9°— 17r    0  8671 


Amyldecatoic  Acid,  Cif^HjgOa. 

755  The  aldehyde  of  this  acid  is  formed  together  with  other 
condensation-products,  when  valeraldehyde  is  heated,  either 
alone  or  with  zinc  clippings,  to  240'",  or  when  the  acid  is  acted 
on  with  so<lium,  caustic  potash,  hydrochloric  acid  or  potassium 
carbonate,^  For  its  prepiiration  valeraldeliyde  is  boilod  for 
some  time  with  dry  potassium  carbonate,  aiid  the  product 
subjected  to  fractional  distillation." 

Amyldecaldehyde  is  an  oil  possessing  a  strong  aromatic  smelL 
It  boils  at  187"— lOr,  and  at  0"  has  a  specific  gravity  of  0'8G1. 

^  Raytzew  and  Schirokow,  Lich,  Ann.  cxcvi»  113. 

*  Zcroiliankm,  Joum,  FrakL  Vhem.  [2],  xxiii.  263. 

•  P.  and  A.  Sajtzew,  Lich,  Ann,  cxcvi.  109. 

*  Lebedinsky,  J*'um.  Prall,  Chan   [^,  xxiiL  23, 

^  BoTOdin,  Ber.  UetUHch.  Vhnn,  Ge^,  ii  552  ;  v»  480  ;  lliban,  Bulh  Soc,  CMm* 
\2],  xiii  24  ;  Kekule,  Ber,  Dcutach.  Chtm.  Gts,  iii,  136. 

•  Oaat  aud  Hdl,  ^.  ym,  371. 
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By  oxidation  tlie  aldehyde  is  transformed  into  amyldecatoic 
acid,  which  has  already  been  described  as  isocapric  acid  (Part  L 
p.  C65).  Borodin  has,  however,  found  that  it  belongs  to  the 
acrylic  series,  whence  it  follows  tiiat  the  so-called  isocapric 
alcohol  (Part  I.  p>  065}  is  an  homologue  of  alljl  alcohol  and  has 
the  formula  CjqH^qO. 

Amyldecatoic  acid  is  an  oily  liquid,  boiling  at  241 ''•o  and  at 
0°  having  a  specific  gravity  of  U  DU06,  It  combines  with  bromine 
forming  dibroDjcapric  acid,  Cj^H^^Bi^O^,  which  crystallizes  in 
glistening  monoclinic  prisms,  melting  at  135V 

Ameny I- valeric  Acid,  Cn,Hj^02,  was  obtained  by  Frahlich  and 
Geuther,  together  with  other  products,  by  the  action  of  carbon 
monoxide  on  sodium  amylate  at  210**.  It  ia  a  thick  oily  liquid, 
possessing  a  characteristic  smell,  and  boiling  at  268^ — 270^- 

UmUci^hnic  Acid,  CuH^^O^,  is  formed,  together  with  ceuanthol, 
when  castor-oil  is  distilled  iimler  reduced  pressure  (Part  L  p.  647). 
It  forms  a  crystalline  mass  melting  at  24'''5.  Under  ordinary 
pressure,  it  boils  with  slight  decomposition  at  295^  but  distils 
unchanged  under  a  pressure  of  90  mm.  at  lOS'' — 200^  It  com- 
bines with  bromine,  forming  dihromundeeyUc  acid,  CuHa^Br^Oj, 
and  on  heating  with  hydrio<:Uc  acid  is  transformed  into  undecylic 
acid  (Part  I.  p.  667).  When  fused  with  caustic  potash  it  splits 
up  into  acetic  and  nonoic  acid,  whilst  fuming  nitric  acid  oxidizes 
it  to  sebacic  acid.* 

CimiciG  Acid,  C^^H^O^,  is  contained  in  the  exceedingly  dis- 
agreeably smelling  liquid,  ejecteil  as  a  defence  by  the  grey  leaf- 
bug  (Ehapi^mtcr  pundi  pciims)  belonging  to,  the  genus  cimex. 
It  crystallizes  from  ether  in  prisms  united  in  stellar  forms, 
melts  at  44^  and  is  difficultly  soluble  in  alcohol.* 


THE  OLEIC  ACIDa 

756  The  higher  members  of  this  group  of  acids  occur  as  gly- 
cerides  in  various  oils  and  fats.  They  do  not  volatilize  without 
decomposition,  and  are  distinguished  from  the  corresponding  fatty 
aciils,  inasmuch  as  their  lead  salts  are  soluble  in  ether.  Another 
characteristic  reaction  is  that  they  are  transformed  by  a  small 

'  Hell  and  Schoop,  Brr,  BcatscK  Ckem.  Ocs,  xii,  198. 

*  Lifk  Antt.  coii.  201. 

"  Krairt,  Ber.  Beuiseh,  Ch^fiu  Qts,  x.  1034  ;  Becker,  ih.  xi.  1412. 

*  Cirias,  Ann.  Chcm,  Pharm,  uxiv.  147, 
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quantity  of  nitrogen  trioxide  into   isomeric  acids  possessing  a 
higher  melting  point.     Their  glycerides,  also,  iindergo  a  similar 


I 


» 


change;  and  this  explains  wliy  oil  of  abnonds,  olive  oil,  &c., 
soMdify  when  treated  with  nitrogen  trioxide. 

H^pofjaic  Acid,  C^^H.^^p.y,  was  found  by  Gossmann  and 
Scheven,  together  with  fialmitic  and  arachidic  acid  in  earth-nut 
oil/  which  is  used  as  a  substitute  for  olive  oil,  and  is  obtained 
from  the  seeds  of  Aj-achis  hypogma.  Hypoga^ic  acid  ni?iy  be 
prepared  by  decomposition  of  the  lead  salt;  or  the  oil  is 
saponified  with  w^eak  soda  ley,  the  free  acids  extracted  from  the 
soap,  and  these  dissolved  in  the  smallest  passible  quantity  of 
hot  alcohol  On  cooling,  part  of  the  fatty  acids  separate  out 
The  filtrate  is  evaporated  in  hydrogen,  and  the  residue  treated 
again  as  above  until  no  further  separation  of  crystals  occurs  on 
cooling,  and  the  solution  is  then  evaporated,^  H^^poga^ic  acid 
f(»rms  colourless  needle-shaped  crystals,  which  melt  at  33**  and 
dissolve  very  readily  in  alcohol,  It  combines  with  a  molecule 
of  bromine,  and  is  converted  in  contact  with  nitrogen  trioxide,^ 
or  by  heating  with  common  nitric  acid  (Schroder),  into  garidmic 
acid,  a  crystalline  ma^s,  which  melts  at  39^  is  readily  soluble 
in  alcohol,  and,  like  its  isomeride,  combines  with  bromine. 

Isomeric  with  these  acids,  also,  is  pkysetoleic  arid,  which  is 
contiiined  in  the  spermaceti  oil  found  in  cavities  in  the  head 
of  the  sperm-whale  (Pht/seter  7nacro€tphalus),  This  melts  at 
30°,*  ami  OD  distillation  does  not  yield  sebacic  acid,  as  is  the  case 
with  hypr>ga*ic  acid  (Caldwell  and  Gossmann). 

757  Oln^'Add,  C^gH^^O,.  This  acid  was  discovered  by  Chevreul, 
althouglt  GottHeb  first  obtained  it  in  the  perfectly  pure  state, 
and  ascertained  its  formula.^  It  occurs  as  triolein  in  most  liquid 
and  solid  fats,  such  as  non-drying  oil,  almond  oil,  olive  oil,  cod-liver 
oih  &c.,  being  contained  in  these  bcxlies  in  large  quantities,  and 
it  is  also  found  in  the  fat  of  the  goose,  as  well  as  ni  lard.  The 
acid  obtained  from  the  latter  was  considered  by  Broraeis  to  be  a 
distinct  one,**  but  Gottlieb  and  Heintz  showed  that  it  is  identical 
with  oleic  acidj  This  is  also  the  case  with  the  benic  acid 
found  by  Walter  in  behen^oil  (Moringa  aptnu)  and  to  which 
he  gave  the  formula  of  Ci^Hj^O^,^  but  Zaiesky  showed  that  this 

*  Ann    Chetn.  Fhann,  xciv,  2:J0, 

'  Srhroikr,  Ann,  Chent.  Pharm,  cxliii,  22. 

*  Caldwf*!!  and  Gosdniann,  ib  xi-ii.  807, 

*  Hnfstjidtpr,  Ann,  Cfuni^  Phann.  ici.  177. 

*  IK  Mi.  88.  *  ^mi.  Ch^.  Pharm^  xlii.  55* 
'  Pwj<f.  Ann.  Ixxxiii.  555  ;  Ixxxix.  583  ;  x'\  li^. 

^  Ann.  Chem.  Pharm,  Ix.  271. 
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is  impure  oleic  acid.^  Oleic  acid  also  exists  in  the  diflei€Dt 
varieties  of  tallow  and  other  solid  fat«s,  and  is  obtained  in  lai^ge 
quantities  as  a  by-product  in  the  manufacture  of  stearin  candles. 

Gottlieb  obtained  the  pure  acid  by  saponifying  almond  oil 
with  potash  solution,  decomposing  the  soap  with  hydrocbloric 
acid,  and  heating  the  resulting  mixture  of  acids  with  lead  oxide 
for  some  hours  to  lt)0^  From  the  mixture  of  lead  salts  thus 
obtained,  the  lead  oleate  is  separated  by  exhaustion  with  ether, 
and  the  solution  is  then  shaken  up  with  hydrochloric  acid. 
Impure  oleic  acid  is  obtained  from  the  filtrate  by  evaporating 
off  the  ether*  This  acid  is  dissolved  in  ammonia,  and  a  solution 
of  barium  chloride  added,  when  barium  oleate  is  precipitated, 
and  this  is  purified  by  recrystallization  from  alcohol,  and  then 
decomposed  by  tartaric  acid. 

Olive  oU,  lard,  or  commercial  oleic  acid,  may  be  used  instead 
of  almond  oil,  and  the  acid  separated  from  the  lead  salt  may 
be  purified  by  cooling  to  between  -  G  and  —  7,  when  the  acid 
crystallizes ;  the  hquid  impurities  are  removed  by  subjecting  to 
strong  pressure,  and  these  operations  of  cooling  and  pressing 
repeated  until  a  pure  product  is  obtained  (Bromeis). 

If  the  commercial  oleic  acid  has  been  recently  prepared,  and 
therefore  contains  but  little  products  of  oxidation,  it  is  cooled 
down  to  0**  in  order  to  separate  stearic  and  oleic  acids;  the 
liquid  is  pressed  out,  and  then  by  the  process  last  described 
a  tolerably  pure  acid  may  be  obtained. 

ProjTcitks,  Oleic  acid  is  a  colourless  oil,  which  on  cooling 
Bohdifies  to  brilliant,  colourless,  and  tasteless  needles  melting 
at  14**.  Their  alcoholic  solution,  when  pure,  has  a  neutral 
reaction  (Gottlieb).  Pure  oleic  acid  is  moderately  stable,  but 
the  impure  acid  readily  absorbs  oxygen,  becomes  yellow 
coloured,  and  acquires  an  acid  reaction  and  rancid  odour. 

When  heated  with  amorphous  phosphorus  and  fuming 
hydriodic  acid  to  200'' — 21 O*',  it  is  converted  into  stearic  acid.' 
On  fusion  with  caustic  potash  it  splits  up  into  acetic  and 
palmitic  acids.^  This  reaction  is  now  used  for  the  preparation 
of  the  latter  acid  on  the  large  scale.*  Nitric  acid  oxidizes  it 
with  formation  of  acids  of  the  fatty  and  of  the  oxalic  series, 
and  on  dry  distillation  it  yields  acetic,  capryhc,  capric,  and  seba- 
cic  acids,  hydrocarbons  and  carbon  dioxide*    It  may,  however, 

1  Ser.  Ikulsch,  Ch^m.  Of:t,  vM  1013.        '  Goldscbmidt,  JahretK  1876,  579. 
*  VRrrentriipp,  Aim.  Cfmn.  Pharm.  xxxr.  196, 
^  CAipviiter,  Joum.  Soe.  Chem,  Ind,  U.  98. 
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be  distilled  in  a  current  of  superheated  steam  at  250"  without  de- 
composition.* It  combioes  with  bromine  to  fomi  a  dibromstearic 
acid,  CjgHjjBrsOg,  a  thick  yellow  oil,  having  a  fruit- like  odour.^ 

Sodmm  Oicate,  C^^^l^aO^,  is  a  constituent  of  hard  soap 
(Fart  I.  p.  GOO).  The  s<Ut  prepared  from  pure  oleic  acid  can 
be  crystallized  from  absolute  alcohol,  but  not  from  aqueoua 
alcohol  or  from  the  syrupy  solution  in  water  (Yarrentrapp). 
The  potassium  salt  forms  a  transparent  jelly,  and  is  decoiji posed 
by  a  large  quantity  of  water  into  caustic  potash  and  the  in- 
soluble acid  salt  Barium  Oleate,  (CigH^gOJ^Ba,  is  insoluble  in 
mtet,  difficultly  soluble  in  boiling  spirit,  and  forms  a  soow-w^hite, 

it,  crystalline  powder.  Lead  Olcak,  {G^^H^s^^.jP^'  ^s  a  light, 
white  powder,  which  melts  at  80°  to  a  yellow  oil,  and  this  on 
cooling  funns  a  brittle,  translucent  mass. 

758  The  glf/cervfes  of  oleic  acid  were  obtained  by  Bcrthelot  by 
a  methoil  similar  to  that  employed  in  the  preparation  of  the 
glycerides  of  the  fatty  acids.^  Momkin  and  diolein  are  oily 
liquids,  which  on  cooling  soUdify  to  a  crystalline  mass. 

Triolein  J  (C^^}i^O^^C^}l^  is  obtained  by  heating  glycerol  with 
an  excess  of  oleic  acid  to  240**.  It  may  also  he  prepared  from 
almond  oil  or  olive  oil,  by  cooling  down  to  0°,  removing  the 
liquid  part  from  the  glycerides  of  the  fatty  acids  by  pressui^, 
and  dissolviug  in  three  times  its  volume  of  hot  alcohol,  and 
again  cooling  down  to  0°,  or,  better,  a  few  degrees  below  0°, 
when  still  more  of  the  glycerides  separate  out  The  alcohol 
is  then  distilled  off,  and  the  residue  washed  free  from  adhering 
alcohol  by  water.  A  still  purer  triolein  is  obtained,  according  to 
Kerwyck,  from  cold-pressed  olive  oil  by  allowing  it  to  stand 
twenty-four  hours  over  caustic  soda  solution,  with  frequent 
shaking,  by  which  means  the  glycerides  of  the  fatty  acids  are 
chiefly  saponified.  The  soap  thus  produced  is  removed  by  dilute 
alcohol,  and  the  triolein,  which  has  the  usual  yellow  colour,  is 
then  decolorized  by  animal  charcoal.* 

Triolein  is  an  oily  neutral  liquid  devoid  of  taste  and  smell. 
It  can  be  distilled  in  a  vacuum,  and  solidifies  below  0^  When 
exposed  to  the  air  it  takes  up  oxygen  and  becomes  acid  and 
rancid. 

Oleic  acid  dissolves  in  concentrated  sulphuric  acid  to  a  colour- 
less solution,  a  sulphooic  acid  being  formed.     This  w^a  termed 

*  Bolley  and  Bor^nmun,  Zcitsth.  Chrm.  1S66,  187. 

*  Burg,  Journ,  Frakt.  Cliem.  xciSl  227  ;  Qverbeek,  Ann*  Chem»  /^rm.  ejd.  43* 
»  Ann,  Chim.  Phw*-  [3]>  ^Ji  243,        *  Kolbe-Meyer,  Ltktb.  Org.  Chem,  iL  25. 


422 


elaIdic  Acia 


by  Fremy  okin-sulpl  /,  but  be  did  not  succeed  in  obtain- 

iDg  it  pure.  He  fuuiid  liiio  that  %vheii  two  parts  of  ulive  oil 
and  one  part  of  sulphuric  acid  are  brought  together,  the  mixture 
being  well  cooled,  and  after  twenty-four  hours  decomposed  with 
water,  an  oily  layer  separates^  which  consists  of  the  sulphonic 
acids  of  oleic  acid  and  margaiic  acid  (palmitic  and  stearic  acids), 
whilst  the  aqueous  solution  contains  the  excess  of  sulphuric 
acid  and  glycerol-sulphuric  acid.^  Mercer  and  Greenwood  long 
ago  proposed  the  use  of  this  sulpho-acid  m*ijlace  of  olive  oil  in 
the  Turkey-red  industry,  and,  later,  John  Lightfoot  introdnced 
the  use  of  the  sodium  salt  in  calico-printing,  as  a  "prepare" 
for  cloth  for  steam  colours,  the  effect  being  to  heighten  and 
brighten  the  tints.* 

Lightfoot  stated  that  other  oils  may  also  be  used  for  this 
purpose,  and  at  the  present  day  castor  oil  is  much  used. 

759  Ekudic  AcuL  Boyle,  in  1661,  mentions  that  olive  oil  and 
almond  oil  both  become  thick  when  acted  upon  by  fuming  aqua 
fortis,  and  other  chemists  observed  tliat  nitrous  vapours  produce 
tlie  same  effect*  These  observations  were,  however,  entirely 
forgotten  until  a  Marseilles  apothecary,  Poutet,  noticed  in 
1819  that  olive  oil  becomes  solid  when  shaken  up  with  a 
solution  of  mercury  in  nitric  acid,^  and  on  this  observation  he 
founded  a  method  for  detecting  the  adulteration  of  olive  oil 
with  foreign  oils ;  but,  later,  Boudet  and  LescaUer  pointed  out 
that  other  oils  also  give  a  similar  reaction  with  the  inercuiy 
Bolution,  and  that  this  cannot  be  used  for  the  detection  of 
adulteration  in  olive  oih  Felix  Boudet,  following  up  Poutet*8 
observation,  found  that  the  mercury  solution  only  acts  as 
described  wlien  it  contains  free  nitrous  acid.  He  further 
established  the  fact  that  a  new  body  is  formed  in  this  reaction, 
and  to  it  he  gave  the  name  of  daidin^  and  this  he  considered 
to  be  a  compound  of  glyceryl  oxide  with  a  new  acid  which 
he  termed  elatdie  adt/^  This  w^as  then  further  examined  by 
Laurent,^  Boudet  and  Pelouze,*  and  Meyer/  the  last-named  pre- 
paring it  fiuni  oleic  acid.  Its  correct  formula  w^as,  however,  first 
established  by  Gottlieb.® 

For  its  preparation,  nitrous  fumes  are  passed  for  a  few  minutes 
into  pure  oleic  acid  which  is  kept  cold,  and  this  in  about  half 


1  Ann,  Chitn.  Phys.  [2],  Ixv.  113. 

•  Ann,  Vhim,  Phyn.  xii.  58* 

•  Ih.  xxviii,  253;  Ann,  Vhm,  Phys.  Ixv.  291. 

•  Ann,  Ch€ti\,  Phann.  atxuu  41.  '  lb.  xxxv.  174. 


*  Patent  No.  769,  1S64. 

*  AniL,  Chcm,  Pharm,  it.  1* 
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an  hour  solidifies  to  a  mass  consisting  of  large  plates.  This  is 
then  washed  with  boiling  water  and  purified  by  recrystallization 
from  aleohoL  It  crystallizes  in  large  pearly  plates,  resembling 
benzoic  acid,  melts  at  44"* — 45*",  and  at  a  higher  temperature 
distils,  almost  without  decomposition.  It  has  a  strongly  acid 
reaction,  combines  readily  with  bromine,  and  whfu  fused  with 
caustic  potash  splits  up  into  acetic  and  palmitic  acids  (Meyer, 
Varrentrapp),  whilst,  when  heated  with  phosphorus  and  hydriodic 
acid,  it  is  transformed  into  stearic  acid  (Goldschmidt). 

In  the  fused  state  it  quickly  absorbs  oxygen,  and  in  the  course 
of  a  couple  of  weeks  65  per  cent»  of  it  is  changed  into  a  semi- 
fluid yellow  mass,  smelling  of  poppy-oil. 

Since  solid  elaidic  acid  is  so  readily  obtained  from  liquid  oleic 
acid,  it  has  been  proposed  to  prepare  it  on  tlte  large  scale  for 
making  candles,  but  the  idea  has  not  as  yet  been  practically 
carried  out* 

Sodium  ElmxhiU,  C^j^HgaNaOn,  crystallizes  from  alcohol  in 
light  laminaj,  havmg  a  silvery  lustre.  Its  dilute  aqueous 
solution  becomes  turbid  and  alkaline  on  standing,  scales  of  the 
acid  salt  separating  out  (Boudet,  Laurent,  Meyer).  Th^ potassium 
salt  forms  glistening  needles  (Boudet);  the  hariiim  salt  and 
the  Imd  salt  are  wlnte  precipitates  (Meyer). 

By  heating  silver  bromstearate  wnth  water,  Oiidemanns 
obtained  an  acid  which  is  isomeric  with  elaidic  acid,  but  dissolves 
more  readily  in  alcohol.  It  forms  an  amorphous  mass,  melting 
at  35^^ 

760  DoeglicAcid,  C^gH^gOj,  The  glyceride  of  this  acid  forms, 
according  to  ScharUng,  the  principal  part  of  the  doegling  train- 
oil  (fiom  the  bottle-nosed  whale,  Balaena  rostraia).  The  acid 
is  a  yellow  oil,  which  solidifies  on  cooUng.* 

Erode  Acid,  C^gH^aO^,  occurs  in  the  fatty  oil  of  white  and 
black  mustard,*  in  rape-seed  oil,^  and  in  grape-seed  oil*  For 
its  preparation  the  rape-seed  oil  is  boiled  with  water  and  lead 
oxide,  and  the  lead-soap  extracted  with  cold  ether,  when  the 
solution  contains  chiefly  an  acid  which  has  not  been  closely 
examined,  and  to  which  the  name  sinuleic  acid  has  been  given,^ 
The  residual  lead  salt  is  decomixjseJ  with  alcoholic  hydrochloric 
acid,     Erucic    acid  forms  long  thin  glistening  needles,  which 

'  Ber,  Eniw.  Chtm.  hid,  ii,  499.  '  J*mnx,  Prakt,  Chnn,  Ixxxix.  IDS. 

*  Journ.  Frakt.  Chmi.  xliii.  257.  *  Darby,  Ami,  ChcDU  Fhann,  Ixix-  1. 

*  AYybskv,  Jonm,  Prakt.  Chrm.  Mil,  449. 
■  Fitr,  Htr   hnit^h.  Chcm,  Ges.  iv.  442. 

y  Dmrby ;  SUdekr,  Ann  Chan,  P/utna  Ixxi^viL  158. 
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melt  at  34*.  When  fused  with  potash  it  splits  up  into  arachic 
acid  and  acetic  acid.  Nitrogen  trioxide  or  dilute  nitric  acid* 
transforms  it  into  brassidic  or  amcklic  ami,  which  crystallizes 
from  alcohol  in  laminae  which  melt  at  56*',  On  heating  with 
hydriodic  acid  and  phosphorus*  it  is  reduced,  as  is  also  erucic 
acid,  to  behcjuic  acid,  C^^H^O^  (Goldschmidt), 


RicmoLEic  AciB^  CigH^^Oy 

761  This  acid,  although  it  does  not  belong  to  the  foregoing  group, 
is  intimately  connected  with  it,.  It  occurs  as  glyceride  in  castor 
oil,^  together  with  small  quantities  of  tripaimitin  and  tristearin, 
and  in  the  oil  obtained  from  the  seeds  oi  Jatrophu  Curms  (Cureas 
piirgans),^  It  is  prepared  from  castur  oil  by  a  process  similar 
to  that  by  which  oleic  acid  is  obtained  from  oli%^e  oil  i*  or  more 
simply,  castor-oil  soap  is  fractionally  precipitated  by  means  of 
calcium  chloride,  the  first  fraction  (about  one-third  of  the  whole) 
set  aside,  and  the  later  fractions  twice  cr}^sta!lized  from  alcohol 
A  pure  calcium  ricinoleate  is  thus  obtained,  which  is  then 
decomposed  with  hydrochloric  acid.^ 

Ricinoleic  acid  is  a  thick  oily  liquid,  which  solidifies  below 
0",  and  mixes  in  every  proportion  with  alcohol  and  ether.  Its 
alcoholic  solution  has  an  acid  reaction,  an  unpleasant  persistent 
acrid  taste,  and  it  does  not  oxidise  in  the  air.  As  has  already 
been  described,  it  decomposes  on  heating  with  alkalis,  into 
methylhexyl  carbinol  and  sebacic  acid, and  on  distillatinn  under 
diminished  pressure  yields  oenauthol  and  undecylic  acid.  It 
combines  with  bromine,  and  when  acted  on  with  iodine, 
phosphorus  and  water,  is  transformed  into  iodsfearidic  acid, 
C^gHgjIOjj,  a  yellow  oil,  which  on  heating  with  hydrochloric 
acid  and  zinc  filings  yields  stearic  acid  (Glaus  and  Hassenkamp), 

When  caat<3r  oil  is  treated  with  alcoholic  ammonia,  rmnolamide, 
Cj3H330->(NHg)  is  formed ;  ^  it  is  a  white  crystalline  mass  which 
melts  at  66"*,  and  is  decomposed  by  hydrochloric  acid  into  ricinoleic 
acid  and  sal-ammoniac.^ 

'  Kansslcnwbt,  Ann,  Ckcm.  Pharm,  cmVm,  ih 
^  Bussy  and  l^ecjinu,  Joum.  Pharin.  xiii,  67, 

«  Baais,  Com}d,  Jiaid,  xxxix.  923  ;  Araaudon  and  ULaldmi,  JahresB.  1858, 
536  ;  Silva,  d/mpt.  I{aid  Ixvii,  1261. 

*  Saalraulkr,  Ann.  Cltcm,  Fharm,  Ixir.  108 ;  Svanberir  and  Kolmodiiu  Jottm, 
Fmki.  Chcm,  xlv.  43L 

*  ClauB  and  Hasaenkamp,  Ser.  Deutseh,  Chein,  Om,  ix.  1&61, 

*  Botillay,  Compt.  Jknd.  xxxu,  223. 

^  Bouia,  Ann,  Chinu  Physt.  [3J,  xliv.  96. 
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On  dissolvitig  castor  oil  in  Bulphuric  acid  a  sulphonic  acid 
'.is  produced.  A  solution  of  its  amroonium  salt  mixed  with  that 
of  sulphopyroterebic  acid  is  used  in  commerce  under  the  name 
of  Turkey-red  oil,  and  is  used  in  Turkey-red  dyeing  and  in 
calico-printing.  Castor  oil  also  dissolves  readily  in  soda-Icy,  and 
such  a  solution,  known  in  commerce  as  ^*  soluble  oil,"  is  used  as 
a  **  prepare  *'  in  calico-printing.  Castor  oil  is  likewise  used  in 
the  manufacture  of  soap* 

Micinclaidic  Acid  is  obtained  by  the  action  of  nitrogen  trioxide 
on  ricinoleic  acid/  and  is  also  produced  when  this  acid  is  heated 
with  ordinary  nitric  acid.^  It  crystallizes  from  alcohol  in  silky 
glistening  needles  united  in  tufts,  which  melt  at  5(r.  With 
bromine  and  caustic  soda  it  exhibits  reactions  corresponding 
to  those  of  ricinoleic  acid.* 


CO,C,H, 


TRIBASIC  ACIDS,  aHto.i(COoH)j^  AND  COM- 
POUNDS RELATED  THERETO. 

762  Mcthmt/l'Trimrboxylic  Acid,  CH(C02H)3,  is  not  known  in 
the  free  state.  Its  ethyl  salt  is  obtained  by  the  action  of  ethyl 
chloroformiate  (ethyl  ehlorcarboxylate)  on  pure  sodium  malonic 
ether.  It  is  a  pleasantly-smelling  hquid,  which  distils  between 
254t''  and  2G0^  and  is  decomposed  by  potash  solution  with  for- 
^'znation  of  potassium  malonate,  potassium  carbonate,and  alcohol* 

EtJienyl  Tricarboxylic  Acid,  C^li^{CO^K)^,  is  obtamed  in  a 
similar  way  from  ethyl  chloracetate  ; 

CO,.CA 

CHNa        +  ClCH2.C0,r,H,  =  CH.CH,  CO^aHg  +  NaCl, 

COj.CaH^  C0,.C2H^ 

The  ethereal  isalt  thus  obtained  is  a  liquid  boiling  at 
275** — 280''*  The  acid  prepared  from  it  crystaUizes  in  colourless 
prisms,  fusing  at  loD'','^  with  evolution  of  carbon  dioxide,  and 
when  the  heat  is  continued  sufficiently  long  only  succinic  acid 
is  left  behind. 

^  Boudet,  Playlair,  Ann,  Chtm.  Pharm.  Ix,  322, 
>  lllrich,  2eU3ch.  Cfwm.  1867»  548. 

•  Kocbp  Ann,  Cheni.  F/iarm,  ciix.  1 74, 

•  Tonmei  Ber,  IkiUtck,  Cham,  Oej,  xii.  762, 

•  Bisuhoff",  Ann.  Chem,  Pharm,  cctiv.  68, 
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The  same  acid  is  obtained  when  ethyl  chlormalonate  acts  upon 
ethyl  iodomalanate,  acdykfi^-tttracaTboxylic  acidf  C2H2(C02H)^ 
being  produced :  ^ 

'>CHCI  +  NaHC       ^    ^ 


C2H,,C0/ 


\co,.CA 


C.H5CO.V  /CO^.CM, 

)CH-CH 


-h    NaCL 


This  ethereal  salt  forms  glistening  white  needles,  which  melt 
at  76^  It  boils  at  305^  and  is  decomposed  by  potash  solution 
with  formation  of  ethenyl-tricarboxylic  acid. 

By  tiie  action  of  chlorine  on  the  ethyl  salt  of  this  acid,  dkyl 
monxicklorcthenyl-trkarhoxylate,  C^}IJ^l{Q02.G^U.^\,  is  obtained, 
which  boik  with  partial  decomposition  at  290",  and  by  prolonged 
heating  with  hydrochloric  acid  is  transformed  into  fumaric 
acid; 

CH,.C0yC,H5 


JCI(CO,.C,H0, 

CO3    +    HCl 


3H,0    = 


caco.H 


CH.CO.iH 


+ 


+ 


SCjHjOH. 


I 


When  the  chlorinated  ethyl  salt  is  saponified  with  potash, 
inactive  malic  acid  is  produced,  identical  with  that  obtained  by 
Loydl  from  fumaric  acid,* 

By  the  action  of  sodium  ethylate  and  propyl  iodide  on  the 
ethyl  salt  of  ethenyl-tricarlxjxylic  acid  it  is  converted  into  the 
ethyl  salt  oi  pTOpyUelhcnyl-tncarhoxylic  acid,  C^>j{GO,^)Ji^^ 
CO^H,  which  boils  with  decomposition  at  280°.  The  acid  ob- 
tained from  this,  crystallizes  in  glistening  needles,  which  melt  at 
148**  and  decompose  when  further  heated  into  propyl-succinic 
acid  and  carbon  dioxide.^ 

^'MdJn/l-  etlunyi  Trimrhoxf/HcAcid,CB.s  C^{C<)fi)C}i  (COgH)^, 
The  ethyl  salt  of  this  acid  is  obtained  by  acting  w^ith  ethyl 
brorapropionate  on  ethyl  soclonialonate,  and  is  a  liquid  which 
boils  at  270^  and  is  readily  saponified  by  potash  solution.  The 
free  acid  forms  a  glistening  crystalline  mass,  which  melts  at 


*  Conrad  and  Bbchoff,  Ann^  Chem.  Pharm,  ocziv. 

*  Biachoif,  Ann.  Cfum*  Pharm,'  ccxv.  44. 
*»  Waltz,  ib,  ccxiv.  68, 
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142",  and  on  longer  heating  splits  up  into  pyrotiirtaric  acid  and 
carbon  dioxide.^ 

763  Besoxalie  Acid,  or  Diojycihmpltricarhorylic  Atid^ 
C2H(OH)j(COjII)3,  was  discovered  in   18G1    by   Lowig,   who 

obtained  its  ethyl  salt  by  the  action  of  »odium-aina]gara 
on  ethyl  oxalate,  and  from  this  he  prepared  the  free  acid.  He 
pointed  out  that  its  solution  splits  up  on  heating  into  racemic 
acid  and  carbon  dioxide,  this  forming  the  first  instance  of  the 
synthesis  of  a  higher  organic  acid  by  reduction  of  oxalic  acid* 
In  this  reaction  other  products  are  obtained  in  addition  to 
ethyl  desoxalate.  Amongst  these  Lowig  noticed  a  substance 
which  possesses  a  sweet  taste,  is  decomposed  by  means  of 
yeast  into  alcohol  and  carbon  dioxide,  and  also  exhibits  other 
properties  characteristic  of  an  opticaUy  active  sugar,  but  he 
did  not  examine  it  further,^ 

According  to  Brunner  the  first  action  of  sodium-amalgam 
on  ethyl  oxalate  is  to  produce  the  ethyl  salt  of  an  acid  having 
the  composition  C^jHgO„,  and  the  solntiun  of  this  on  evaporation 
decomposes  into  racemic  acid  and  glyoxyhc  acid,  wliilst  when 
the  ethyl  salt  is  saponified  with  potash  solution  or  the  potassium 
Bait  is  decomposed  with  acetic  acid,  Lowig's  acid  is  formed;^ 
Klein  was,  however,  unable  to  confirm  these  observations,  but 
obtained  the  same  results  as  LowigA 

To  prepare  desoxalic  acid,  equal  volumes  of  a  three  per-cent. 
sodium  amalgam  and  of  ethyl  oxalate  are  brought  into  a  cylinder, 
kept  cold  by  water,  and  shaken  together  frequently.  The 
product  is  exhausted  with  ether,  and  the  solution  shaken  up 
with  small  quantities  of  water.  The  ether  is  tlien  distilled 
off  and  the  residue  allowed  to  stand  until  the  ethyl  desoxalate 
baa  crystallized  out.  This  is  then  decomposed  with  potash 
solution,  the  solution  rendered  faintly  acid  with  nitric  acid,  and 
then  precipitated  with  lead  nitrate.  The  washed  lead  salt  is 
decomposed  with  sulphuretted  hydrogen  and  the  solution  of  the 
acid  thus  obtained  is  evaporated  over  sulphuric  acid. 

Desoxalic  acid  crystalhzes  w^ith  one  molecule  of  water  of 
crystallization,  It  is  very  deliquescent  and  dissolves  rea^lily  in 
alcohol  When  its  aqueous  solution  is  heated  to  45 \  it  evolvts 
carbon  dioxide,  and  this  decomposition  proceeds  rapidly  when 

^  BiBchoff',  Ber^  DetUsch.  Chewi^  Oa,  xJii.  SI  65  ;  BuchofT  and  Gatbmt,  ik  xiv* 
614. 
«  Jtmrn,  PrakL  Ckem.  Izxxui.  I2» ;  IjxjAt,  1. 
■  Ber,  BftUsch,  Chem.  Ges,  UL  dJi  ;  xii.  512. 
*  Joum.  Praki.  Chem.  [2],  jpt.  Ii6. 
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the  liquid  is  boiled,  an  acid  being  formed  which  has  been 
supposed  to  be  mcemic  acid,  but  which  is  doubtless  the  very 
similar  glycotartmic  acid : 


CH(OH)COaH 
C(0H)(C0,H)3 


-    CO,    + 


CH(OH)COaH 
CH(0H)C02H. 


Kormal  Pofammn  2^^.T«/a/e,  C^H^OgKg,  remains  on  evaporat- 
ing its  solution  as  a  guni-like  mass,  which  on  standing  over 
sulphuric  acid  becomes  crystalline.  When  its  solution  is  super- 
saturated with  acetic  acid,  tlie  acid  salt,  C^H^OgK^,  separates 
out  after  some  time  in  brilliant,  white,  hard,  crystalline  crusts. 

The  desoxalates  of  calcium^  barium,  lead,  and  silver  are 
white  precipitates. 

Ethyl  Besoxalatt,  C^H^O^fCgHg)^,  separates  from  its  solution 
in  warm  water  in  large  glistening  tricHnic  crystals,  which  melt 
at  85**,  are  odourless,  and  have  a  purely  bitter  taste*  When 
heated  for  some  time  to  140" — 15\T  it  is  converted  into  an  oily 
liquid  which  does  not  solidify  on  cooling,  and  has  an  exceed- 
ingly bitter  taste.  This  modification  is  also  contained  in  the 
mother-liquor  from  the  crystals  which  have  been  deposited. 
On  treatment  wnth  bases  it  yields  salts  identical  with  those 
prepared  from  the  crystalline  variety. 

Wlien  heated  with  acetic  anhydride,  ethyl  diaeetyl-dcsoxalaU^ 
CgH(O.C2H30}.(CO,.C2H^)3,  is  obtained,  as  an  oily  liquid 
possessing  a  very  bitter  taste. 

764  Propemjl  Tncarlmxylic  Acid,  Q^^iCOM)^^  was  first  ob- 
tained by  Dessaignes^  by  the  action  of  nascent  hydrogen  on 
aconitic  acid,  €3113(00^11)5.  Soon  afterwards  Maxwell  Simpson 
prepared  an  acid  of  the  same  composition  synthetically,  by  con- 
verting propenyl  trihromide  into  the  corresponding  cyanide,  and 
decomposing  this  by  heating  with  potash  solution.^  KekultS  put 
forward  the  supposition  that  Simpson  s  acid  is  identical  with 
that  of  Dessaignes,  and  termed  it  rurhaUylw  acid.  Wichelhaus 
then  proved  tlie  correctness  of  Kekule^s  view,^  and  Simpson, 
who  investigated  the  acid  more  closely,  altered  its  name  to 
iricarhaUylic  acid* 

This  acid  is  also  formed  when  allylene  dichloride^  C3H4CU,  is 
heated  with  alcohol  and  potassium  cyanide  and  the  product 


*  Ann.  CJiem.  Fha^-m..  Stippl,  u.  188. 
'  Ann.  Chrm,  Pffann.  cjLXviii.  351, 
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decomposed  with  potash,*  and  it  may  be  obtained  in  the  same 
way  from  the  ethyl  salt  of  chlorcrotonic  acid.*  It  is  obtained^ 
further,  by  means  of  the  acetoacetic  ether  reaction.  When  the 
sodacetacetate  is  treated  with  ethyl  chloracetate,  ethylaceto- 
snccinate  (p.  189)  is  formed,  and  the  sodium  compound  of  this 
is  transformed  by  etliyl  chloracetate  into  cihyl  acciotricarhallylaie, 
CU^JCQ.C^B.J,COXJid^'  This  is  a  Uquid  which  is  readily 
decomposed  by  caustic  potash  or  baryta-water  as  follows :  ^ 

,.CO.C.COj.C,,Hs    +    4K0H 

CHg*C  02,C2Hfi 
CHpCO^ 

CH.CO2K    +    3C2H^.OH. 

CH,CO,K 

The  above-mentioned  ethereal  salt  of  etlienyltricarhoxylic 
acid  (p.  425)  contains  an  atom  of  hydrogen  which  is  replaceable 
by  sodium ;  if  the  sodium  compound  be  then  treated  with 
ethyl  cJdoracetate,  tlie  salt  of  isoaUykne-tclracarhoxylic  add, 
C3H^(C0^H)^  is  obtained,  which  crystallfzes  in  large  prisms, 
and  decomposes  at  loP  into  tricarballylic  acid  and  carbon 
dioxide :  * 


CH2.CO2H 

LyCO,H 

j  \co;h 


CH,.CO,H 
CHCO.H    +    CO4. 


CR^CO^H         CH.CO.H 

Tricarballylic  acid  is  frequently  found  as  calcium  salt» 
together  with  aconitic  acid  and  citric  acid,  C5H^(OH)(C02H)3, 
in  the  deposit  in  the  stills  used  in  beet-sugar  works,^ 

It  forms  rhombic  crystals  readily  soluble  in  water  and 
alcohol,  and  melting  at  158^  It  is  not  attached  by  nitric  acid, 
and  on  heating  part  of  it  sublimes  without  decomposition. 

1  Ciniifl,  ^^^  clxT,  131.  '  Ckus,  \K  cxci.  63, 

*  Miehle,  Ann.  Chan,  Pharm,  CJfC,  822, 

*  CoiimiJ,  Ber,  DcutiwK  Cfwtn.  Om,  xm.  2163. 

*  Voii  LippmaiiD,  Bcr,  DttUsch.  Chan,  Ga,  xi,  707  ;  xiL  1649. 
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CITRIC  ACID,  C.HgO^. 

765  The  acid  cont^ned  in  lemon  juice,  the  existence  of  which 
must  have  been  noticed  in  very  early  times,  was  first  distinctly 
mentioned  by  a  chemist  in  the  thirteenth  century.  In  his 
^teculum  Nalurak  Vincentius  Bellovacensis  says:  ** Soluiiva 
corporum  multa  smiit  id  aqua  limmium,  vel  pomorum  citrinonim^ 
qum  dicuntur  melcmgoli,  cd  orangii,  diMillata  per  filtrumr 
Boerhave  also  refers  to  it  as  a  solvent  in  hia  Ekmaita  Ckcmiae, 
in  1732,  where  he  states  that  many  very  powerful  vegetable 
solvents  or  acids  exist,  **  qiiuifi  succus  recciis  auraniii,  citrei  limaiin, 
plumbum^  stannum,  cupmnt,  femcm  dissolvat^,  satisqm  fortUer 
calcinare  qiieat,  acqm  quam  fossUa  dcida,'*  N,  Lemery  believed 
that  this  acid  was  identical  with  that  of  the  graj>e,  fur  he  assexta 
that  in  the  preparation  of  the  "  exlraU  de  m/ira  aperitif**  made 
from  iron-rust,  water,  and  new  wine  or  lemon- juice,  it  is  **  les sites 
tartarcKX  dn  raisin  et  tks  Hmoiis"  which  pnxluce  the  desired 
eflFect  Stahl  considered  this  acid  to  be  acetic  acid,  but  Retzius, 
in  1776  pointed  out  that  itilitfcrsfrora  this,  inasmuch  as  the  lead 
salt  is  insoluble  in  wat-er,  whilst  it  diffei^  from  tartaric  acii I,  in  that 
it  does  not  form  a  sparingly  soluble  potassium  salt  He  did  not 
however  obtain  the  acid  in  the  form  of  crystals,  which  was  first 
accomplished  by  Seheele  in  1784, 

Citric  acid  is  found  wiilely  distributed  in  nature.  According 
to  Seheele  it  occurs  in  the  free  state,  and  accompanied  with  little 
or  no  malic  acid  in  the  lemon,  orange,  sloe,  cranberry,  whortle- 
berry, hipberry,  and  in  the  berries  of  Sohumm  dnkamara,  and 
also,  according  to  Stein,  in  Droscra  iyiter media}  Tocrether  with 
about  an  equal  quantity  of  malic  acid  it  is  found  in  the  goose- 
berry, currant,  bilberry,  raspberry,  strawberry,  and  cherry,  wliilst 
the  tamarind  (Vauquelin)  and  the  mountain-ash  berry  (Liebig) 
contain  both  these  acids  together  with  tartaric  acid. 

Tlie  citrates  of  calcium  and  potassium  are  also  very  widely 
distributed  in  the  vegetable  kingdom  ;  amongst  the  well-known 
plants  in  which  they  occur,  may  be  mentioned :  in  the  haulm  of 
Aconifum  lycoctonum,  Coyivalhrna  mnjalis,  Isatiji  tiivctomm,  in 
the  tobacco  plant,  in  the  milky  juice  of  lettuce,  and  in  the 
tubers  of  the  Jerusalem  artichoke  and  dahliap  the  potato,  onion, 
beetroot,  &c, 

1  Ber.  DtitUcK  Chem.  Ocji.  xii  1*103. 
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Prtparation.  Citric  acid  is  principally  obtained  from  lemon 
juice,  which  forms  a  considerable  article  of  export  from  the 
lUilian  and  Spanisli  ports,  as  well  as  from  Sicily,  the  West  Indies, 
and  the  Sandwich  Islands.  It  is  also  obtained  fi'om  the  several 
species  of  lemons,  viz.,  Citnis  medica,  C.  Limanum,  and  C\ 
Bcrgamia,  the  rind  of  these  fruits  being  utilised  for  the  prepara- 
tion of  the  ethereal  oil  The  juice  ferments  when  allowed  to 
stand,  a  deposit  forming  which  is  separated  by  filtration.  The 
juice  contains  from  6  to  7  per  cent,  of  citric  acid,  and  is  nut  only 
used  to  manufacture  citric  acid,  but  without  furtlier  treatment, 
is  employed  as  an  excellent  anti-scorhutic.  The  inspissated  juice, 
containing  about  23  per  cent,  of  acid,  also  foniis  an  article  of 
commerce. 

Citric  acid  is  still  manufactured  from  this  juice  according  to 
the  metliod  originally  suggested  by  Scheele.  The  lemon-juice, 
heated  almost  to  the  boiling-point,  is  treated  with  finely 
powdered  chalk  until  no  further  evolution  of  carbonic  acid 
occurs,  when  milk  of  lime  is  added.  The  calcium  citrate  thus 
precipitated  is  washed  i^ith  boiling  water  until  the  filtrate  is 
colourless.  Calcium  citrate  is  also  frequently  prepared  in  this 
way  from  the  fresh  juice  in  districts  where  lemons  are  plentiful, 
and  then  brought  into  commerce.^  To  obtain  the  acid,  this  salt 
is  decomposed  by  the  calculated  quantity  of  sulphuric  acid,  the 
solution  concentrated  to  the  crystallizing  point,  and  the  acid  thus 
obt^iiued  purified  by  recrystaltizatioD, 

Tilloy  h^is  proposed  to  prepare  citric  acid  from  currants.  Tlie 
juice  is  first  allowed  to  ferment,  tlie  alcoliol  is  then  distilled  ott*, 
and  the  residual  liquor  worked  up  for  the  acid  by  the  method 
above  described.  One  hundred  kilograms  of  currants  yield  one 
kilogram  of  citric  ficid  and  ten  liters  of  alcohol  of  abfjut  40  jK^r 
cent,-  According  to  Gniger,  cranberries  may  be  treated  in  a 
similar  way  for  the  preparation  of  both  citric  acid  and  alcohol.^ 

766  Sf/uthcsu,  Citric  acid  can  also  be  prepared  synthetically, and 
its  synthesis  serv^ea  as  an  excellent  example  of  the  statement  that 
any  compound  occurring  in  the  organic  world  can  be  artificially 
prepared  so  soon  as  its  constitution  is  known  (Part  I.  p.  10)*  The 
first  step  towards  a  knowledge  of  it5  constitution  w^as  made  by 
Liebig,  who  rightly  fixed  the  molecular  weiglit  of  the  acid,  and 
pointed  out  that  it  is  tribasic*  Or  heating,  it  loses  a  molecule  of 
water  and  is  transformed  into  aconitic  acid,  CjjHjjO^  which  is  also 


1  Ber.  Enttr,  Chan.  Jnd.  \l  425, 
•  Ni.u,  Jahrb.  Piuirvi.  xxxtx.  193. 


'  Joum,  Phann.  f2],  xiii.  805, 
*  Ami.  Cftcnu  Phartu.  xxvi  151. 
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tribasic.  Hence  it  follows  that  it  contains  an  hjdraxyl  in 
addition  t-o  three  oarboxyl  groups,  and  this  is  also  shown  by  the 
fact  that  it  contains  a  hydrogen  atom  easily  replaceable  by 
an  acid  radical.  From  these  observations  the  rational  formula, 
C5H^(0H)(C0^y  was  deduced.  Aconitic  acid  combiner  with 
hydrogen,  forming  tricarballytic  acid,  CgHgfCO^H)^,  which  has 
also  been  prepared  from  propcnyl  tri bromide  by  the  replacement 
of  the  bromine  by  carboxyl,  and  this  fixes  its  constitution. 
Citric  acid  is,  however,  the  coixesponding  oxyacid,  and  can  exist 
in  two  forms : 

CH2.C0^H  CH^CO^H 


to 

t. 


CH. 


I 


COjH 


}C0H)C02H 

mXOM  CH(OH)CO,H. 

The  first  of  these  seems  to  be  the  most  probable  formula  for 
citric  acid,  since  it  often  yields  as  a  decomposition  product, 
acetone,  or  some  of  its  derivatives.  The  correctness  of  this  view 
has  been  estfibUshed  by  the  researches  of  Grimaux  and  Adam. 
Starting  from  dichlorhydrin,  and  oxidizing  this  to  dichloracetone, 
they  then  combined  this  with  hydrocyanic  acid,  and  obtained  di- 
vhloroxyisobutyrmiitrU,  CHXl.C(OH)(CN)CHgGl,  and  this  latter 
ou  decompoBition  with  hydrochloric  acid,  was  transformed  into  the 
corresponding  acid.  The  potassium  salt  of  this  acid  was  then 
heated  with  a  concentrated  solution  of  potassium  cyanide,  and 
converted  into  a  salt  of  fi??r?/a7ic'a*i/i^o^riif^/m«cw^,  and  this  product, 
when  saturated  by  hydrochloric  acid  and  heated,  yielded  citric 
acid.1 

767  Prapertks.  Citric  acid  crystallizes  with  one  molecule  of 
water  in  transparent  rhombic  prisms,  which  dissolve  in  075  part 
of  cold,  and  0'5  part  of  hot  water,  and  have  a  strong  but  pleasant 
acid  ta,ste.  Citric  acid  is  also  readily  soluble  in  alcohol,  and 
dissolves  tolerably  easily  in  ether.  It  melts  at  100^  and  on 
increoi^ing  the  heat  begins  to  lose  its  water  of  crystallization, 
which  is  driven  off  completely  at  about  l'^0\  The  anhydrous 
acid  melts  at  153"* — 154^  and  decomposes  at  175°  into  water  and 
nconitic  acid.  On  dry  distillation  citric  acid  decomposes  into 
carbon  dioxide,  acetone,  and  two  isomeric  acids,  itaconic  and 
citraconic  acids,  C^HgO^  which  are  likewise  produced  when  citric 
acid  is  heated  under  pressure  with  water  or  with  a  dilute 
acid^ 

^  CmnpL  Bend,  zc  1251 
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When  oxidized  with  manganese  dioxide  and  dilute  sulpliuric 
acid,  or  with  an  acidified  solution  of  potassium  pennanganate, 
carbon  diuxide  and  acetone  are  formed »'  If  chlorine  be  led  into 
an  aqueous  solution  of  citric  acid  exposed  to  sunlight,  hexchlor- 
acet(->ne  is  produced,  whilst  a  solution  of  the  sodium  salt 
similarly  treated  3ae!da  pentachloracetone.^  Bromine  haa  no 
action  upon  a  solution  of  the  acid,*  but  when  the  sodium  salt  is 
thus  treated,  pen tahromace tone  is  formed:*  When  citric  acid  is 
fused  witb  caustic  jxitash,  two  molecules  of  acetic  acid  are 
formed  to  one  molecule  of  oxalic  acid  (Liebig) : 

C^H.K.Oy    +    KOH    ^    2CaH3K02     +     C^jK^O^. 

Citric  acid  when  heated  with  syrupy  p!iosphoric  acid  decom- 
poses into  water,  carbon  monoxide,  carbon  dioxide  and  acetone ; 

C^H.OCCO^H)^  =  CjjH,0  +  2C0j  +  CO  +  H,0. 

Concentrated  sulphuric  acid  produces  a  similar  decomposition, 
hut  carbonization  also  occurs^  and  sulphur  dioxide  is  evolved  * 

Citric  acid  is  used  for  domestic  purposes  and  for  the  prepara- 
tion of  lemonade  and  other  cooling  drinks.  It  likewise  finds 
employment  in  medicine,  and  in  dyeing  and  cahco-printing, 
where  it  is  frequently  replaced  by  the  lemon-juice. 


The  Citrates. 

768  The  salts  of  citric  acid  have  been  made  the  subject  of 
careful  examioation  by  a  number  of  chemists.^ 

Konnal  FoUissium  C Urate,  CgH50,K3  +  H.O,  crystallizes  in 
glassy  needles,  which  have  an  alkaline  tastefare  deliquescent, 
and  do  not  dissolve  in  absolute  alcohol  (Heldt). 

Monacid  Fotcmium  Ciimte,  Q^Ujy^K^  dissolves  readily  in 
water,  has  a  pleasant  sour  taste^  and  forms  monoclinic  crptals 
(Heusser). 

Diacid  Potassium  CUmie,  C^H^O;!!  -f  2Hp,  crystallizes  in 
large  transparent  prisms,  which  have  a  sour  taste  and  are 
permanent  in  the  air. 

»  Pean  ilt  St.  GUles,  Compt.,  Rend,  tMI  554. 

*  St4uJek'r,  Ann.  Chrm,  Pimrm,  cxi.  299,  "  Clo^l,  iJ.  oxxiL  llfl. 

*  Grimeiiix^  Compi.  B^nd,  Ixxviii,  1442. 

*  Vftji^'el,  Ber,  btutsch.  Chem.  Gts.  xiii.  855, 

*  B^rzt^lius,  Pogg,  Ann.  xxvii.  281  \  ilvii,  809  j  Lw^big,  Ann,  Phnrm.  v.  134  y 
3[XTi.  If.!  ;  xliv,  67;  Heldt,  16.  xKiL  167  ;  Kamm^wr,  ib,  cxhiii.  294;  clxx. 
170  i  Heusser,  Pogg,  Ann,  lutxviii.  121  j  Lanilriii.  C<mipt,  Rmd,  Ixxxvi.  1336, 


4U 


CITRIC  ACID, 


The  citrates  of  sodium  and  ammonium  also  dissolve  easily 
and  crystallize  well, 

Nonnal  Calcium  Citrate,  {C^fi^)J^d^  +  iH^O.  When  a 
solution  of  normal  sodium  citrate  is  decumposed  by  the  addition 
of  calcium  chloride  sulution,  a  thick  white  precipitate  is  quickly 
formed,  which  becomes  cr}^staliine  by  boiling.  When  one  of  the 
solutions  is  in  excess,  or  if  the  liquids  are  verj-  dilute,  the  pre- 
cipitate is  formed  only  on  boiling.  A  solution  of  citric  acid  when 
treated  w^th  an  excess  of  lime-water  yields  a  precipitate  only  on 
heating,  and  this  in  part  redissolves  on  coohng,  as  it  is  more 
soluble  in  cold  than  in  hot  water.  According  to  Warrington, 
one  part  of  the  crystalline  salt  dissolves  at  14°  in  1180,  and  at 
90''  in  1730  parts  of  watcr.^  Tlie  amorphous  salt  is  more  easily 
Soluble,  a  fact  aheady  observed  by  Liebig. 

Calcium  citrate  dissolves  readily  in  acids,  even  in  acetic  acid. 
If  ammonia  be  added  to  this  solution,  the  salt  separates  out 
again  slowly  but  completely  in  the  cold  (Warrington),  whilst  on 
heating  the  precipitate  makes  its  appearance  at  once. 

Add  Calcium  Citrafe,  C^H^jO^Ca  +  H^O,  is  obtained  in  glisten- 
ing plates,  when  a  solution  of  the  normal  stdt  in  citric  acid  is 
evaporated.     It  is  decomposed  by  water, 

Normal  Barium  Citrate^  (Ooilfij^Bn^,  When  baryta* water 
is  ailded  to  a  solution  of  citric  acid,  or  baiium  chloride  to  a  solu- 
tion of  a  normal  citrate,  an  amorphous  precipitate  is  formed 
which  is  somewhat  soluble  in  water  and  has  the  composition 
(CflH^0j)2Ba3  '1-  7H.,0,  The  same  salt  is  obtained  when  barium 
acetate  is  used ;  but  when  this  is  added  in  excess  and  the 
mixture  heated  in  a  covered  vessel  on  the  water-bath,  the  pre- 
cipitate after  some  hours  becomes  dense  and  crystalline,  and  has 
then  the  formula  2(C(jH^07),,Ba3  +  TH^O.  This  consists  of 
microscopic  glistening,  chno-rhombic  prisms,  the  form  of  which 
is  so  characteristic  that  this  reaction  servos  for  the  detec- 
tion of  citric  acid  in  fruit,  juices,  &c.  The  solution  must  not» 
however,  be  too  dilute,  as  in  this  case  it  yields  on  heating  the 
salt  (CeHgO-^^Ba^  +  5H<jO,  which  separates  in  needles,^ 

Normal  Magncmim  Ciirote^  (C,iH^O,)jjMg^ -f  14"H^0,  is  ob- 
tained in  crystalline  crusts  when  a  solution  of  citric  acid  not  quite 
saturated  with  magnesia  is  evaporated  at  50^  It  is  readily  soluble 
in  water^  and  has  a  much  less  unpleasant  tast^  than  Epsom  salts,^ 

'  Kaoiiiiprer,  Frescnitis'  ^citsek.  riiL  20S, 
*  Anfk  Chim.  Phya,  [S],  xxv.  283. 
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and  hence  it  is  used  as  a  mild  purgative,  A  mixture  of  this 
salt  with  acid  sodium  carbonate,  citric  acid  and  sugar,  which  has 
been  rendered  granular  hj  raoistening  with  alcohol  and  redrying, 
fomis  the  Mat/nesia  citrka  effcrvescens  of  the  PhannacDpceia. 

Ferric  Citrate,  {CQn.^O^)2Pi^2  +  GH^O,  is  obtained  by  dissolving 
frestdy  precipitated  ferric  hydroxide  in  citric  acid,  and  gently 
evaporating  the  solution  to  the  consistency  of  a  syrup.  It  dries 
up  to  an  amorphous  mi^iss  usually  consisting  of  thin  hyacinth- 
red  scales,  is  readily  soluble  in  water,  has  a  slight  taste  of  iron, 
and  is  used  in  medicine.  The  similar  hydrated  double  salt, 
(C^H,07)3Fe,,(NH^)3,  is  also  officinal 

When  ferric  hydroxide  is  dissolved  in  the  right  proportion  in 
a  solution  of  ammonium  citrate,  and  this  then  evaporated,  reddish 
brown  crystals  are  obtained  of  the  salt,  [C^H507(NHJJ^Fe^fOH)2 
+  4H^0.  If,  however,  the  ferric  hydroxide  be  added  in  excess, 
amorphous  scales  are  formed,  Landrin  has  proposed  the  use  of 
the  crystidHne  salt  for  medicinal  purposes,  as  tlie  iron  citrate  of 
commerce  contains  a  veiy  variable  quantity  of  iron.  He  has 
also  prepared  a  series  of  double  salts  with  other  metak* 

Silver  Citrate^  C^H^O^Agg,  is  a  wdiite  precipitate  wdiich 
gradually  becomes  crystalline,  and  on  boiling  with  water  decom- 
poses with  separation  of  silver.  When  heated  in  a  stream  of 
hydrogen  to  100°,  it  decomposes  with  separation  of  water  int^ 
citric  Eicid  and  arrfcntous  citrate,  2CQlifi^{A^^^  -f  H.^0,  a  brow^n 
powder,  which  dissolves  slowly  in  water  with  a  red  colour, 
and  is  decomp«mcrl  by  potash  solution  wdth  separation  of  silver 
tetranto3ride  (VuL  ul  Part  L,  367).^ 

Silver  citrate  dissolves  in  boiling  citric  acid,  and  on  cooling 
the  acid  salt,  C^H^O-Ag^,  crystallizes  out  in  rhombic  tablets.^ 

769  Meacfions  of  Citric  Acid,  Tliia  acid  is  distinguished  from 
tartaric  acid  by  being  optically  inactive,  and  by  not  giving,  on 
heating,  the  smell  of  burnt  sugar,  but  yielding  a  vapour  having 
a  penetrating  odour  Moreover,  when  lime-w^ater  is  added  in 
excess  to  its  aqueous  solution  a  precipitate  is  formed  only  when 
the  solution  is  boiled,  whilst  tartaric  acid  produces  a  precipitate 
in  the  cold,  and  malonic  acid  gives  no  precipitate  under  these 
circumstances.  Calcium  citrate  is  insoluble  in  caustic  alkalis 
whilst  the  tartrate  readily  dissolves  (p.  225),  The  barium  salt 
is  also   characteristic  of  citric  acid    (p.  434).      When  1  part 

»  Jnn,  Chim,  Fh}fs.  [5],  xxv.  233. 

*  Wuhler.  Ann.  Chtm.  Fharm.  x%x.  % 

»  Kounefahrt,  Jahresb,  ISTti,  5152. 
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of  citric  acid  is  heated  with  6  parts  of  ammoaia  for  six 
hours  in  a  closed  tube  to  110''— 120'  and  then  poured  into  a 
flhallow  vessel  and  exposed  to  light,  it  becomes  coloured  blue  in 
a  few  hours,  and  after  some  days  this  changes  to  greeB*^  Citric 
acid  is  frequently  adulterated  with  tartaric  acid.  In  order  to 
detect  such  an  adulteration  the  concentrated  solution  is  heated 
with  potassium  acetate,  an  equal  volume  of  strong  alcohol  added, 
and  the  mixture  well  stirreil,  when,  if  tartaric  acid  is  present, 
cream  of  tartar  soon  separates  out/^  If  a  quantiiive  determina- 
tion be  required,  twice  the  volume  of  alcohol  of  95  per  cent,  is 
added,  the  precipitate  filtered  off  after  an  hour's  standing,  and 
this  then  washed  with  a  mixture  of  water  and  twice  its  volume 
(^f  alcohol.  The  filtrate  is  precipitated  with  lead  acetate,  and 
the  precipitate  after  washing  with  50  per  cent,  alcohol  is  decom- 
posed by  sulphuretted  hydrogen*  The  citric  acid  can  then  be 
titrated  with  standard  soda,*  or  it  may  be  converted  into  the 
barium  salt  and  this  analysed-* 

Ethereal  Salts  of  Citric  Acid. 

770  Normal  Methyl  CUrate,  C^f>^{CB.^,  is  obtained  when 
hydrochloric  acid  is  led  into  a  solution  of  citric  acid  in  methyl 
alcohol,  the  solution  being  warmed,^  It  forms  triclinic  crystals 
which  melt  at78''5— 79^  and  it  boils  at  270^—273^  with  pirtial 
decomposition  into  water  and  methyl  aconitate.  When  heated  with 
acetyl  chloride,  imtkyl  acdocilrate,  CsH^COO^HaOXCOa.CHjj)^.  is 
obtained,  a  colourless  liquid  boiling  at  280"*^ — 282^  When  phos- 
phorus pentacldoride  acts  on  methyl  citrate,  this  is  transformed 
into  tmikyl  cMo-rb-icurhallylaic,  CJlfil(CO^CR^)^  a  tliick,  oily 
liquid,  which  on  heating  splits  up  into  hydrochloric  acid  and 
methyl  aconitate.^ 

Dimethyl  Citric  Acid,  C^^HqO/CH^)^,  and  Methyl  Citric  Acid, 
C^H^OyfCHg),  are  also  formed  in  the  preparation  of  the  normal 
salt,  and  arc  likewise  produced  by  the  action  of  citric  acid  on 
methyl  alcohol,  but  as  yet  they  have  not  been  prepared  pure. 
The  calcium  salt  of  the  first  is  soluble  in  alcohol;  whilst  that 
of  the  second  acid  does  not  dissolve  in  this  menstruum  J 

^  Siil^nnin  and  Lajvkowsky,  FrrstnitM  Zeitsch,  xrii.  74. 

■  Spiller,  Journ.  Chem,  hoc,  x.  111). 

»  Fleischer,  FrrAcnhat*  Z<ri'A«rA.  xilt,  328. 

*  Creuse,  Jahrmh.  1873,  970. 
»  St.  Evre,  Coynpi.  Rtttd.  xxi.  1441. 

*  HnnftRua,  Ber.  DetiUch,  Chrm*  (ff^,  ix,  1749. 
^    DcmorKjesir,  dm^pi.  Jtaui.  xxxiii.  227. 
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Normal  Ethyl  Citrate,  ^^^IS^jiGM^^*  was  obUiined  by 
Tbenard  ^  and  Malaguti  ^  by  heating  citric  acid  with  alcuhul  and 
sulphuric  acid.     It  is  better  prepai^cd  by  saturating  a  solution 

citric  acid  in  alcohol  with  hydrochloric  acid**  It  is  a  thick 
odouriess  liquid,  boiling  at  283°,  and  possessing  a  very  bitter 
taste.  When  treated  with  sodium  amalgam  and  a  little  water, 
salts  are  produced  of  diethylcitric  acid  and  ethylcitxic  acid 
(Claus)*  Heated  with  alcoholic  ammonia  in  a  closed  vessel,  a 
deep  green  or  blue  solution  is  obtained** 

Ethyl  AcetocUratc,  C3H^(OC3H30)(C02.CaH6)^^  is  obtained  by 
the  action  of  acetyl  chloride  on  the  normal  salt,  and  is  an  oily 
liquid,  wliich  for  the  most  part  distils  without  change  at  288°.* 

Tdratthyl  CUrate,  CgH^COC^H  J(C02.C^HJ3,  is  obtained  by 
the  action  of  sodium  and  ethyl  iodide  on  the  normal  salt.  It 
is  an  oily  liquid,  having  a  pleasant  smell  and  a  slightly  bitter 
taste.  Under  ordinary  pressure  it  boils  at  290*^  with  consider- 
able decomposition,  but  it  boils  without  alteration  at  a  reduced 
pressui-e.'^ 

NUrorycitnc  Acid,  C3H^(NOj)(COjjH)3,  is  fonned  when  anhy- 
drous citric  acid  is  intrtjdueed  into  a  mkture  of  1  part  of 
fuming  nitric  acid  and  two  parts  of  sulphuric  acid.  It  furms 
ciystals  which  are  readily  soluble  in  water.  On  evaporating 
the  solution,  even  in  a  vacuum,  decomposition  takes  phu;e,^ 


AcoNmc  Acm,  C^H^jO^. 

771  This  acid  was  discovered  in  1820  by  Peschier  ®  in  AcmUum 
Napclhts  and  A.  pankidatum,  and  was  then  further  examined 
by  Buckner®  and  Dahlstrom.^^  In  1828  Braconnot  found  in 
Eqiiuttuni  Jkiviak,  £.  kytmak,  etc.  an  acid  to  which  the  name 
of  tquiseiic  add  was  given,^*  and  this  according  to  Eegnault,  who 
prepared  the  acid  from  E.  limomm,  is  identical  with  maleic  acid.^^ 


'  Man.  Soe.  d'Areutil,  ii,  12.  »  Ann.  Chim.  Phys.  briii  197. 

»  Heldt,  Ann.  Chem.  Phartn.  xlvii.   195  ;  Peb«l,  i&.  xcviii.  67  ;  Claus,  Ber, 
IkuijtrX  Chem,  Gt$.  viii.  S67  ;  Coneo,  ift.  xii.  1653. 

*  KammereT,  Ber.  Dmdsck,  Ckcm.  Gts.  viii.  732. 
'  Wislicenus,  Ann.  Chem.  Phann.  cjcxix.  162. 

*  Conen,  Bcr,  Dentsck.  Ch/nn,  Gti*  xii.  1654. 
'  Chiinipion  and  Pellet,  Bull,  Soe.  Chim.  [2],  xxiv,  448. 

Trommadorff,  Ken  Jmim.  Pharnu  v.»  1,  92 ;  Tiii.  1,  26d. 
^  IttpeH,  Pltarm,  JxtiL  145,  i«>  Ann,  Chim,  Phys,  (3)  xxx.  312. 

^  Ann,  Chim,  Phys,  [2],  xxxix.  5.  i^  n.  [2],  Ixd.  208. 
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Baup^  then  obtained  citridic  acid  by  heating  citric  acid,  and 
this  was  consitlered  by  Berzelius  to  be  identical  also  with 
aconitic  acid,  the  correctness  of  this  view  being  afterwards 
ascertained  by  Crasso.*  The  identity  of  equisetic  acid  and 
aconitic  acid  was  afterwards  established  by  Baup  ^  and 
Dessiiignes.* 

Besides  its  occurrence  in  the  above-named  plants,  aconitie 
acid  is  also  found  in  Dclphinmm  comoHda,^  Adonis  vcrtmli^,^ 
Achilka  jnilirfoliaj  in  the  beetroot,^  in  ordinary  sugar-cane/ 
and  in  Sorghum  sugar-cane. ^^ 

Prrparafifm,  Aconitic  acid  is  best  prepared  from  citric  acid 
For  this  purpose  the  acid  is  heated  in  quantities  of  100  grams 
in  small  tiasks  until  the  exit  tubes  (which  are  about  05  m.  long) 
are  covered  with  oily  drops.  The  fused  contents  of  the  flasks  are 
then  poured  into  a  sliallow  basin,  and  15  grams  of  water 
added  for  every  100  grams  of  acid  taken.  The  basin  is  heated  on 
the  water-bath  until  the  residue  solidifies  on  cooling;  this  is  then 
powdered  and  treated  with  ether  free  from  water  and  alcohol, 
when  most  of  the  unaltered  citric  acid  remains  behind.  Aconitic 
acid  is  obtained  from  tlie  solution  by  evaporating  oflF  tlie  ether, 
and  it  is  then  purified  by  recrystallization.^^  Another  method  is 
to  pass  hydrochloric  acid  for  a  day  tlirough  citric  acid  heated 
to  140°,  the  product  being  then  treated  as  above,^ 

Propcrtus,  Aconitic  acid  dissolves  readily  in  water  and  is 
still  more  easily  soluble  in  alcohol.  It  crystallizes  in  small 
four-sided  plates,  which  melt  at  186''— 1 87**  with  decomposition 
(Behr).  As  already  stated,  it  combines  with  hydrogen  to  form 
tricarbal!ylic  acid  (p.  428),  whilst  with  liypochlorous  acid  it  yields 
ckhrcUrk  add,  C3H^Cl(OH)(CO^H)3,  a  s3Tup  which  on  heating 
with  water,  or  more  readily  with  milk  of  Hme,  is  transformed 
into  oxycitric  acid^  CsH^{OH)J(^OJl);l;  this  latter  is  a  viscous 
deliquescent  mass,  tlie  calcium  salt  of  which  is  a  difficultly 
soluble  crystalline  powder  (Pawolleck). 

Aconitic  acid  is  a  strong  tribasic  acid.  Its  salts  have  been 
examined   by   Baiip,   Buchner,  and   Guinochet.^*     It    is   dis- 

^  Ann.  CJum.  Pharm,  xix.  29 ;  xxix,  169.  ^  Ih.  xxxiv.  56. 

'  lb.  Ixxviu  293.  *  Cotnpt.  H^nd.  xxx.  432. 

"  Wicke,  Ann,  Clum,  Pharm.  xc,  98, 

*  Lirideros,  Ann,  Chrm,  Phai^m,  clxxxil.  365. 
'  Hlasiwt:tz,  Jafireak  1357,  331. 

*  Ijnjiiiiftmi,  Ber,  DcuUch.  Chem^  Oes.  xii.  1650, 

^  Mir.  %k  X.  361.  i»  Bl^.  BeMUch,  Chem,  G^.  xt.  1768. 

*^  rawolleek,  Ann,  Ukem,  Fharm.  clxxviii.  1.13. 
*-  Hun «« I  IS,  />>r.  J>nU^h,  Chevi,  Cc^.  ii.  1751. 
"  Ctntipt,  licnd.  xciv.  i50. 
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tingiiislied  from  citric  acid  by  its  ready  solubility  ia  ether,  ami 
also  VQ  that  on  treating  with  an  excess  of  lime-water  and  boiling 
it  yields  no  precipitate;  calcium monitate,  {0QK^0^fi3i^-\-  GH^O, 
lurming  small  crystals  si>lnble  at  IS""  in  09  parts  of  water 

Ethyl  Aconiiate,  C^HfiJp^^Il^)^,  is  obtained  by  the  action  of 
hydrochloric  acid  on  an  alcoholic  solution  of  the  acid,  and  forms 
an  oily  liipiid  having  an  aromatic  smell,  and  boiling  at  275^^ 
This  compound  is  also  produced  when  normal  ethyl  citrate  is 
heated  with  phosphorus  trichloride,^  this  formation  correspond- 
ing  exactly  to  the  conversion  of  the  ethereal  salt  of  a 
monobasic  oxyacid  into  one  of  the  acrjiic  acid  series  (p.  401). 


Pyrocitric  Acids,  C^H<jO^. 

772  By  the  dry  distillation  of  citric  acid,  Lassaigne  in  1822 
obtained  a  new  acid  wiiich  be  termed  acuic  pyrocitriqm?  Banp 
then  found  that  the  distillate  contains  a  second  isomeric  acid, 
and  to  this  he  gave  the  name  of  acide  citrtciqut,  whilst  he 
designated  Lassaigne*s  acid  (being  the  first  discovered)  as  acide 
cUribiqu£,  and  to  a  third  acid,  contained  in  the  residue,  the  name 
acide  citridique  (p.  438)  %vas  applied.* 

The  existence  of  Bavip*s  volatile  acid  was  questioned  by 
Lie  big  ,^  but  Crasso,  who  made  this  matter  the  subject  of  a  new 
investigation,  found  that  these  three  sicids  are  in  fact  formed 
when  citric  acid  is  heated.  He  determined  the  conditions 
under  which  the  formation  of  these  acids  takes  place,  and 
showed  that  the  third  acid  is  first  formed,  and  that  it  is  identical 
with  aconitic  acid.  By  the  dry  distillation  of  this  he  obtained 
Baup'snew  acid,  for  which  he  proposed  the  ntim^d  pyroaconitlc  ami, 
or  itaconic  acid,  which  latter  name  is  formed  from  that  of  aconitic 
acid  by  a  transposition  of  its  constituent  letters.  By  heating 
this  latter  aciil  he  obtained  Lassaigne's  acid,  and  this  he  termed 
citraconic  acld.^  This  last,  as  Gottlieb  has  sho^vn,  is  trana- 
formcd  by  boiling  with  dilute  nitric  acid  into  a  new  isomeric 
acid,  which  he  termed  memcmiic  acidj 

Each  of  these  three  acids  on  treatment  with  sodium  amalgam 
yields  pyrotartaric  acid  (p.  253),  but  when  united  with  bromine 

*  Mercadftnt©,  Jcum,  PrnkL  Chtm.  [U],  iil  356. 

*  Conen,  Ber.  DeuJtaeh.  Chtm,  Uejs.  xiL  1655. 

*  Ann.  Chim.  Phffs,  xxi,  100, 

*  Ann.  Chem.  Flmnn,  Jtix,  20  ;  xxix.  109.  "  Ih,  ixn.  120, 

■  Ann.  Chem,  Pharrfu  xxxir.  53.  '  lb.  Ixxvil  268. 
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they  form  three  different  dibrompjTotartaric  aciJs>  With 
hydrobroraic  acid,  on  the  other  hand,  the  two  last  aeids  give  one 
and  the  same  monobrompyrotartaric  acid,  whilst  itaconic  acid 
yields  one  diflferent  from  these.- 

773  Itamnk  Acid.  When  citric  acid  is  lieated  it  splits  up, 
as  has  already  been  described,  yielding  water  and  aconitic  acid. 
This  latter  acid  on  heating  to  200°— 220°  gi%^es  a  distillate  which 
sepaiates  into  two  layers,  the  one  heavy  and  oily  and  the  other 
lighter  and  aqueous.  When  these  are  mixed,  heat  is  evolved 
and  a  crystalline  mass  is  formed,  saturated  with  an  oily  liquid* 
The  crystals  consist  of  itaconic  acid,  whilst  the  oily  liquid  is 
citraconic  anhydride.^  Their  formation  is  explained  as  follows. 
The  aconitic  acid  decomposes  in  the  first  place  (probably  with 
a  preliminary  transformation  into  anhydride)  into  water,  carbon 
dioxide,  and  the  anhydride  of  itaconic  acid : 

CeHA  =  H,0  +  CO,  +  CjH.Oa. 

This  last  is  transformed  on  distillation  in  part  into  citraconic 
anhydride,  which  combines  with  water  but  slowly  in  the  cold, 
whilst  itaconic  anhydride  is  readily  converted  into  the  acid  by 
contact  with  water.  The  distillate  also  contains  a  considerable 
quantity  of  acetone,  which  is  formed  from  the  citric  acid 
accordiog  to  the  following  equation ; 


CH^,CO,H 

C(OH).CO,OH 

CH,.CO,H 


CHa 

CO 
I 


up 


+    CO    +    2C0^. 


Itaconic  acid  is  also  produced  when  aconitic  acid  is  heated 
with  water  to  180"',*  or  when  citric  acid  is  heated  to  160*"  with 
pure  water  or  water  acidulated  with  sulphuric  atid.^  It  is,  how- 
ever, best  obtained  from  citraconic  anhydride,  the  preparation  of 
which  will  be  described  later.  The  anhydride  is  heated  in  a 
closed  tube  with  twice  or  thrice  its  volume  of  water  for  six  to 
eight  hours  to  a  temperature  of  150*^,  the  itaconic  acid  is  allowed 
to  crystallize  out  from  the  solution  placed  for  this  purpose  in 


*  Keknlp,  Ann.  Chem.  Phartn.  Suppl  i,  838  ;  ii.  94. 

5  Fittigand  Lnudoit,  Ann.  Ch^m,  Phann.  elxxxviii  71. 

*  AnschtitZr  Ber.  BeidJtch.  Chem.  Oex,  xiii.  1641. 

*  Pebftl,  AniL  Chem.  Phnrm.  xcviii.  94. 

*  Mftrkownikow  find  rurgold»  ZttUch.  Chem.  1867»  204. 
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shallow  vessels,  and  when  the  mother-liquor  will  yield  no  more 
crystals,  it  is  again  treated  with  wat4?r  as  already  described.^ 

Itaconic  acid  crystallizes  in  rhombic  pyTamkls  or  tables,  which 
melt  at  161**  and  dissolve  at  20""  in  12  parts  of  water.  It 
dissolves  more  c^asily  in  alcohol  and  is  also  soluble  in  ether.  By 
electrolysis  of  its  calcium  salt  it  is  decomposed  into  hydrogen, 
carbon  dioxide,  and  iso-allylene,  in  addition  to  acrylic  acid  and 
mesacooic  acid  winch  also  are  formed*^ 
774  Itaconic  A  ndi/drule, C^Hfi;^,  is  obtained,  as  has  already  been 
ated,  as  a  product  of  the  distillation  of  citric  acid,  and  it  ia  also 
formed  when  itaconic  acid  is  wanned  with  acetyl  cldoride.  It 
crystallizes  from  glacial  acetic  acid  in  transparent  prisms,  which 
melt  at  68^  Under  a  diminished  pressure  of  30  mm.  it  boils  at 
139° — ^140^  the  boiling  point  of  citraconio  anhydride  being 
lower  than  this.  On  distillation  under  ordinary  pressure  itaconic 
anhydride  is  transformed  into  the  hist*  named  com  pound. ^  That 
this  decom|x»&ition  is  not  completely  effected  in  the  distillation 
of  citric  acid  is  explained  by  the  fact  that  by  means  of  the 
carbon  dioxide,  which  is  evolved  in  large  quantity,  it  is  carried 
over  before  it  attains  the  temperature  necessary  for  its  decom- 
position* Tliis  also  explaios  the  observation  of  Crasso,  that  the 
yield  of  itaconic  a^id  ia  the  larger  according  as  the  distillation 
of  the  citric  acid  is  the  more  rapidly  conducted  and  as  the  retort 
is  the  more  prot^^cted  from  the  heat.* 

IlacfdorpyroiaHark  Acid,  C^H-CIO^,  is  formed  by  heat- 
ing itaconic  acid  with  fuming  hydrochloric  acid  to  130°.  It 
crystallizes  from  water  in  warty  masses,  which  melt  at 
140"— 145°,  and  on  heating  to  150°  in  a  stream  of  dry  air  it  is 
converted  into  the  anhydride.  A\Tien  heated  with  water,  hydro- 
chloric acid  is  given  off  and  the  first  product  is  paraconic  acid, 
CgH^O^,  which  is  also  obtained  by  the  action  of  silver  oxide, 
and  is  a  crystalline  mass  melting  at  70"",  and  yielding  citraconio 
anhydride  on  distillation.  Together  with  this,  itamalic  ackl^ 
C,^H,(OH)0^,  an  homologue  of  malic  acid,  is  always  formed 
The  alkalis  and  alkaline-earths  effect  this  change  much  more 
quickly,  whilst  aumionia  splits  up  the  chlorinated  acid  into 
hytlrochloric  and  mesaconic  acids.^ 

^  Willm^  Ann.  Chfm.  Pharm,   cx\l   28;  Aarland,  Joum,  PrakL  ChdfU  [2], 
vL  2^2  ;  Fitti;,'  ami  I^tjdolt,  Ann.  Chem.  Pharfu,  clxxiviii.  71, 
=  Hwarta,  ZeiUch.  Chcm,  186(J,  721. 

*  Anschutz  and  rein,  B^r.  DetUsch.  Chem.  O&t.  xm,  1639. 

*  Anachiitj!,  Ber.  DttiUsch.  Chem.  Gts.  xiii  1541. 

*  Switrts,  ZeiUch.  Clum.  1866,  721. 
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Itahrcnnpyrotartaric  Acid,  CgH^BrOi^  is  obtained  by  heating 
itaconic  acid  with  hyJrobromic  acid  (S warts),  or  by  allowing  it 
to  stand  for  some  days  in  contact  with  hydrobromic  acid 
saturated  at  0^  and  sbaking  the  mixture  from  time  to  time,^  It 
is  readily  soluble  in  water  and  forms  small,  monoclinic  crystals, 
winch  melt  at  137°*  When  heated  for  some  hours  with  water. 
itamalic  acid  is  formed,  whilst  at  the  same  time  a  portion  is 
reconverted  into  itaconie  acid.  The  same  products  are  quickly 
obtained  when  sodium  carbonate  or  calcium  carbonate  is  added. 

Itamalic  Acid,  C^HgO^  crystallizes  in  long  very  deliquescent 
needles,  which  melt  at  64"^,  and  on  distillation  it  decomposes 
into  water  and  itaconie  acid  or  citraconic  anhydride.^ 

Chloriiamalic  Acul,  C5H7CIO5,  is  obtained  by  actiDg  with 
chlorine  on  a  solution  of  iticonic  acid  ^  or  of  its  sodium  salt,* 
and  forms  glistening  monoclinic  crystals  which  dissolve  readily 
in  water, 

775  liadihrompj/rofartari^  Acid,  C^H^Brj^O^  is  formed  by  the 
direct  union  of  bromine  and  itaconie  acid  and  crystallizes  in 
crusts  readily  soluble  in  water.^  When  boiled  with  water  and 
an  excess  of  sodium  carbonate,  the  sodium  salt  of  aconic  acid, 
CqH/)^,  is  obtained,  which  crystallizes  in  tlun  plates.  If  this 
be  then  decomposed  with  dibte  sulphuric  acid  and  extracted 
with  ether,  tlie  acid  is  obtained  after  evaporation  of  the  ether 
in  characteristic  tufts  of  long  plates  having  a  satiny  lustre.  It 
separates  from  water  in  glistening  rhombic  crystals,  which  melt 
at  164°.  It  is  a  monobasic  acid,  but  on  boiling  with  baryta- 
Avater,  the  barium  salt  is  obtained  of  the  liquid  dibasic  acid 
oxy itaconie  acid,  Cr^HgO^,  a  compjund  which  has  not  been  fur- 
tiier  examined.  By  the  continued  action  of  baryta-water  the 
acid  is  split  up  into  formic  and  succinic  acids.  Aconic  acid  is 
not  attacked  by  acetic  anhydride.^  It  does  not  combine  with 
bromine  at  the  ordinary  temperature  and  it  is  decomposed  when 
heated  w^ith  bromine.^  The  constitution  of  this  compound  and 
of  the  others  belonginfir  to  this  group  will  be  discussed  hereafter. 

liatarUric  Acid,  0^11^^(011}.^^,  is  produced  by  acting  with 
fiilver  oxide  on  a  solution  of  itadibrompyrotartaric  acid,^  or  by 

*  Fitti|2f  ami  l-andolt.  Ann.  Ckem.  Pharm.  clxxxriii,  71  • 

*  Swarts,  ZeUscJi.  Ch^m.  1S67,  646  ;  Fittig  nud  Lnudolt,  loc*  at 
«  S warts,  JahtMb.  1873.  683. 

*  Morawski,  Joum.  Ptakt.  Chem,  [2],  vii.  158» 

*  Kekule,  Arm.  Cfuin.  Pkat-m.  Suppl,  i.  33&. 
«  Meilly.  Ann.  Clietn,  Phurm.  clxad.  153. 
f  Wit'helhaus,  ib,  pIxxI  182. 
'  Kektile,  Ann.  Ckem.  Pharm,  Puppl.  i.  8i8. 
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boiling  chlor-itamalic  acid  ^ith  caustic  lime.*  It  forms  a  glassy 
deliquescent  mass,  but  many  of  its  salts  crystallize  well.  The 
calcium  salt  2C^HgOflCa  +  H^O,  is  a  difficultly  soluble  crystalline 
precipitate, 

776  Citraconic  Add,  CJlfi^.  To  prepare  this,  about  100 
gnmis  of  citric  acid  arc  subjected  to  dry  distillation ;  from  the 
distillate  the  citraconic  anhydride  formed  is  separated  by 
repeated  acid  rectification,  and  this  in  contact  with  water 
gradually  combines  to  form  the  acid.* 

Citraconic  acid  forms  monoclinic  deliquescent  prisms  which 
dissolve  at  the  ordinary  temperature  in  less  than  lialf  their 
weight  of  water.  On  distillation,  the  acid  decomposes  again 
into  water  and  the  anhydride,  but  it  volatilizes  with  moderate 
ease  in  a  current  of  steam  whilst  on  heating  with  water  to 
120''  it  is  transformed  into  itaconic  acid.  Its  potassium  salt 
yields  on  electrolysis  allylcne,  together  with  but  little  acrylic  and 
mesaconic  acids  (Aarland). 

CUmconic  Afihi/drkie,  C^Kfi^  is  a  colourless  heavy  liquid 
which  boils  at  213^— 214^ 

CitratMorpyTotartaric  Acid^  C^HjClO^,  separates  out  gradually 
when  citraconic  anhydride  and  fuming  hydrochloric  acid  are 
allowed  to  stand  together.  It  crystallizes  from  warm  water  in 
glistening  tables  or  plates  which  melt  at  129°.*  When  heated 
with  sodium  carbonate  solution  it  decomposes  into  hydrochloric 
acid,  carbon  dioxide,  and  methacrjdic  acid,  C^H^O^  (p.  406), 

CUnihTomjyyrotartaHc  Ami,  CgH^BrO^,  is  fonned  by  the 
union  of  the  acid  or  its  anhydride  in  the  cold  with  fuming 
hydrobromic  acid,  and  forms  transparent  well-formed  crystals 
belonging  to  the  monoclinic  system,  which  melt  at  148°  (Fittig 
and  Landolt).  When  boiled  with  a  solution  of  carbonate  of 
soda  it  yields  methacrylic  acid,  and  when  its  silver  salt  is 
heated  with  water  to  130°  it  splits  up  into  carbon  dioxide,  silver 
bromide,  and  allylene,* 

CUramalic  Acid,  C^H/OH)0^,  is  obtained  by  the  action  of 
rinc  on  an  aqueous  solution  of  chlorcitramalic  acid,^  and  forms 
large  crystals  which  melt  at  11 9^  and  on  distillation  split  up 
into  water  and  citraconic  anhydride.' 

^  Momwski,  Joum,  Prakt,  Chem.  [2],  id.  450. 

■  Fittig  and  Landolt,  Ann,  Chan.  Phftrnu  clixxriii.  71, 

•  Swarta,  ZtUach,  Cfum.  186tJ,  724 ;  Fittig  and  LaiiJolt,  Antk,  Cliem.  Pharm* 
clxxxviii.  83.  *  Rotirgoin,  Bult  Soe.  Chim.  zxviiL  469. 

•  Carius,  Ann.  Cft^nu  Phtrm.  cxxix.  ifiO 

•  MorawBki,  Jakreib.  1878,  721. 
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ChlorcUramalic  Acid-,  C^jH^Cl(OH)0^,  is  produced  by  acting 
with  liypochlorous  acid  on  a  citraconate,*  or  by  leading  chlorine 
into  a  solution  of  dtracouic  acid  or  its  sodium  salt,*  Mesacomc 
acid  also  is  transformed  in  this  way  into  chlorciti*amalic  acid-* 
It  dissolvea  readily  in  water  and  forms  gUstCining  crystals 
which  melt  at  about  100^  Wlien  boiled  with  an  excess  of 
baryta- water  it  is  transformed  into  acycilraconie  acid, 
C^B.^(0}1}0^,  which  crystallizes  in  fine  prisms  and  unites  with 
hydrochloric  acid  at  100°  to  form  iwchltjrcitrajnalu  acid.  This 
forms  tables  which  melt  at  160^  and  is  probably  chlormcsamalic 
acid. 

GUraiariaric  Acid,  Ct)l^{0\\)Sy^,  was  obtained  by  Caiiua  by 
mixing  barinm  chlorcitramalate  with  barj'ta- water,  evapomtiog 
at  lOQ;"*  and  dticom posing  the  residue  with  sulphuric  acid.  It 
is  also  formed  when  1  part  of  clilorcitramalic  acid  is  heated 
with  10  parts  of  water  to  100°  for  twelve  hours  (Morawski). 
Oij  evaporation  it  remains  aB  a  syrup  which  gradually  becomes 
crystalline. 

Cilradih'om2^y7^otartaric  Acid,  Cgll^Br^Cl^.  Bromine  unites 
readily  with  citraconic  acid  in  the  cold  forming  this  acid,  which 
forms  fine  crystsJs  that  melt  at  ISO"*  and  dissolve  easily  in 
water.  When  boiled  with  water,  or  with  sodium  carbonate 
solution,  it  splits  up  into  carbon  dioxide,  hydrobromic  acid, 
brommethacrylie  acid,  and  propionaldehyde.* 

777  Mcsawrm  Acid,  C^H^O^,  was  obtained  by  Gottlieb  by 
warming  citraconic  acid  with  diJute  nitric  acid,  and  he  also 
pointed  out  that  it  cannot  be  obtained  by  a  similar  treatment  of 
itaconic  acid.^  Its  salts  were  then  examined  by  Pebal.®  Baup 
also  examined  this  acid  and  termed  it  acidc  citramrtiquc  (from 
adde  cUraconiqut  and  ara)? 

It  is  also  produced  when  citraconic  acid  is  warmed  with 
hydriodic  acid  (Kekul^),  hydrochloric  acid  (Swarts),  or  hydro- 
bromic  acid  (Fittig)  j  or  when  the  acid  or  itaconic  acid  ia 
heated  with  water  to  180°^200°.*  For  its  preparation  a 
mixture  of  2  parts  of  citraconic  anhydride,  2  parts  of  water, 
and  3  parts  of  nitric  acid  of  sp.  gr.  1*074  ia  evaporated  until 


^  Cftriii8»  Ann,  Chem,  Pharm.  cirvL  201  j  cxxix.  164* 

«  Gottlifb.  ik  dx.  lOL 

3  .^larawiiki,  Jouni,  Prakt,  Ckem.  [2],  x.  79  ;  xl.  46ft, 

*  Fittig  nml  Kniwniark,  Ann,  Ohein,.  F/tann.  ccvi,  1. 

*  Jan.  Cht'm.  Pharm,  Ixxvii,  2^3. 

r  Ann,  Chim,  PhffS.  [3],  xxxiii.  192, 

*  Swarta,  Jahratb.  J  873,  679. 


«  IL  IxxTiii  12fl. 


THE  CONSTITUTION  OF  THE  PYROCITRTC  ACIDR        445 


I 
I 


red  fames  are  evolved,  and  the  acid  which  separates  out  on 
cooUng  is  re-crystallized  from  hot  water  (Fittig  and  Landolt). 

Mesaconic  acid  crystaUizes  from  water  in  fine  needles  and  from 
alcohol  in  transparent  prisms ;  it  melts  at  200 ^  and  at  a  higher 
temperature  volatilizes,  without  forming  an  anhydride,  and  yields 
a  vapour  Laving  an  irritating  odour.  One  hundred  parts  of  water 
dissolve  2  7  parts  of  the  acid  at  18^  and  117'9  parts  at  the 
boiling  point  (Pebal),  Its  potassium  salt  yields  on  electrolysis 
the  same  products  as  are  obtainerl  when  potiissium  citraconate 
is  similarly  treated  (Aarland).  The  acid  unites  with  fuming 
hydrochloric  or  hydrobromic  acid  when  heated,  producing  the 
corresponding  derivatives  of  eitraconic  acid  (Fittig  and  Landolt). 

Mesadihrompyrotartaric  Acid,  C^^ijd^,  is  formed  hy  the 
direct  union  of  bromine  with  mesaconic  acid,  heat  being 
required  to  effect  the  combination.  It  forms  warty  crystals  and 
is  less  soluble  in  water  than  citradibrompyrotartaric  acid 
(Kekule.  Fittig,  and  Landolt).  When  boiled  with  water  it 
decomposes  into  hydrobromic  acid  and  the  anhydride  of  brom- 
eitraconic  acid,  whilst  at  the  same  time  some  propionaldehyde 
is  also  produced.  If,  however,  it  be  boiled  with  a  solution  of 
sodium  carbonate,  it  yields  the  same  prtxlucts  as  citradibrom- 
pjrrotartaric  acid  does,  together  with  isobrommetbacrylic  acid 
(Fittig  and  Krusemark), 

7/8  The  Comtituivm  of  the  Pyrodtric  Acids.  When  the 
properties  of  eitraconic  and  mesaconic  acids,  are  compared  with 
one  another,  it  is  evident  that  these  btxlies  stand  in  the  same 
relation  to  one  another  as  fumaric  and  maleic  Jicids  do  ;  dilfering 
from  these  latter  by  containing  a  methyl  group  in  the  place  of  an 
atom  of  hydrogen.  Their  isomerism  therefore  may  be  explained 
by  a  ditference  in  the  arrangement  of  their  atoms  in  the  mole- 
cule (p,  214),  or  the  supposition  of  Fittig  may  be  adopted,  that 
as  eitraconic  acid  forms  additive  products  readily  in  the  cold,  it 
contains  free  combining  units,  whilst  in  mesaconic  acid  these  do 
not  exist,  thus  leading  to  the  following  formulae ; 


Citraconie  Acid. 

CH3 
cacOjH 

=C.COjH. 


Mesaconic  Acid. 

CHg 

C.CO,H 

II 
CH.CO„H. 


Itaconic   acid   is  distincruislied  from    these  iuasrouch   as   on 
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CROTACOXTC  ACID, 


decomposition  it  yields  isocillylene  but  no  allylene,  and  con- 
sequently does  not  contain  a  methyl  group.  Its  constitutioti 
will  therefore  be  represented  by  one  of  the  following  formabB : 


II 

cco^ 

I 

CH^CO,H. 


H.COjH 


CH2.CO2H. 


Of  these,  Fittig  considers  the  latter  to  be  the  more  probable 
formula,  as  itaconic  acid  forms  additive  products  as  readily  as 
does  citracotiic  acid.  It  also  explains  in  a  simple  manner  the 
forraatiou  of  monobasic  aconic  acid  from  itatlibrompyrotartaric 
acid,  whilst  its  properties  of  not  combining  wiih  bromine  in  the 
cold  and  being  unattacked  by  acetyl  chloride  shows  that  it  con- 
tains no  alcohoUc  hydroxy  I,  Baryta-water  converts  it  into 
dibasic  oxyaconic  acid,  which  readily  decomposes  into  formic  and 
succinic  a^-ids.  These  observations  lead  to  the  following  formulae :  ^ 


Itadibrompyrotartaiic  Acid* 
CHBr^ 

CRCO.OH 

I 
CH^CO.OH, 


Oxyitacoaic  Acid. 

caoH 

II 
aco.oH 

I 

CH,.CO,OH. 


Aconic  Acid. 
CIL 

II 
CCO.OH 

I 

cco.oa 


779  Crofacmiic  Jcid,  0^11^,005,11)2.  This  acid,  isomeric  with 
pyrocitronic  acid,  is  prepared  from  ^-chlorcrot-onic  acid.  The  ethyl 
salt  of  this  is  heated  with  potassium  cyanide  and  alcohol,  when 
potassium  ^-cyancroioTmte,  Cll3.CH^C(CN)C02K,  is  obtained, 
which  forms  small  hard  crystals  and  is  transformed  by  hydro- 
chloric acid  into  crotaconic  acid.  This  latter  exists  in  ill-defined, 
readily  soluble  crystals,  which  melt  at  119''  and  decompose  above 
ISC'*  into  carbon  dioxide  and  crotonic  acid^: 

CH3.CH-C(C0,H).    =    CH3.CHz-CH,C0,H    +    CO^ 

XcTonic  Add,  CsHj^O^.  The  anhydride  is  formed  as  a  by- 
product in  the  prepiiration  of  citraconic  anhydride,  and  is  also 
obtained  in  smaller  quantity  on  distiUing  this  substance,  also. 


^  Ann,  Chem.  Pkarm,  clxxxviii.  100, 

*  Claua  and  Wasowicx,  Ann.  Cfum,  Pharm.  cxcL  33. 
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and  in  large  amount,  together  with  other  bodies,  when  it  is 
boiled  some  time : 

2C,H,03    +    H,0    =    C,U,fi,    +    200^. 

It  is  a  peculiarly  smelling  liquid,  but  little  soluble  in  water, 
possessing  at  first  a  sweet  but  afterwards  a  bitter  taste,  and 
boiling  at  242''.  When  dissolved  in  ammonia,  and  calcium 
chloride  added,  a  crystalline  precipitate  is  formed  of  calcium 
xeronate,  CgHi^O^Ca  +  HgO,  and  this  when  treated  with  hydro- 
chloric acid  does  not  yield  xeronic  acid,  but  is  transformed 
again  into  the  anhydride.  It  is  from  this  behaviour  that  the 
acid  derives  its  name  (f  17/309,  dry,  anhydrous). 

The  empirical  formula  of  xeronic  acid  shows  that  it  is  homo- 
logous with  citraconic  acid,  but  it  possesses  properties  very 
different  from  this,  inasmuch  as  it  does  not  combine  either  with 
nascent  hydrogen  or  with  bromine. 

On  oxidation  with  solution  of  chromic  acid  it  yields  propionic 
acid.    It  must  therefore  be  regarded  as  di-ethylfumaric  acid.^ 

Suberocarhoxylic  Add,  or  Hcxenyl  Tricarboxylic  Add, 
CgHii(C02H)3.  By  passing  chlorine  into  fused  suberic  acid, 
numochlormberic  acid,  CgHnClCCOjH)^,  is  produced  as  a  syrupy 
liquid  readily  soluble  in  water  and  in  ether.  This  is  transformed 
into  the  above  acid  when  heated  with  potassium  cyanide 
solution  and  then  boiled  with  potash.  It  forms  fine  glistening 
crystals.^ 

*  Roser,  B^.  DetUseh.  Ckcm.  Ots,  xv.  2012. 
'  Bauer  and  Groger,  Monatsch.  Chem,  i.  510. 
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780  A  general  method  for  the  preparation  of  this  series  of 
hydrocarbons  consists  in  heating  tlie  haloid  ethereal  salts  of  the 
dyad  alcohol  radicals  with  alcoholic  potash,  when  the  reaction 
takes  place  in  two  stagea : 


EtJiylene  Bromide. 
CH^r 

I     '        +    KOH    - 
CHaBr 


Bmmethylene. 

CH, 

II    "    +     KBr 
CHBr. 


+    H.O. 


CH, 

II 
CHBr 


+    KOH    = 


Acetyl  fine. 

CH 

III 
CH 


4     KHr    +    HA 


These  liydrocarbons  may  be  arranged  in  three  classes :  * 
(1)  Those  of  the  first  class  are  the  true  homologues  of  acetylene, 
and  contain,  like  it,  carbon  atoms  trebly  linked.     They  are  ob- 
tained from  the  dibroniidea  of  those  olefiues  whose  cuostittttioa 
admits  of  a  treble  linkage  of  the  carbon  atoms : 


CH, 

I 
CHBr 


Metbylacetykao. 


CH, 


=  i 


2HBr. 


CH,Br 


CH 


M  et  h  v!  -ft  h  vl  -n  w  tylt^nf . 

CH,.CHBr.CHBrC,H,    =     CHsU^CX'^jHi    ^    2HBn 

They  are  also  obtained  from  the  dichlorides  formed  by  the 
action  of  phosphorus  pentachloride  on  the  aldehydes  ;  heptaldc^- 
hyde,  CgH^^COH,  thus  yields  pmtrjlmcbjkm,  Cj^H^jC^CH.     In 

*  HeETy,  BfT.  DciUsch,  Chan,  Ota,  viii.  400. 
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the  same 

methyl-et 


they 


Hp. 


I 


produced  from  certain 
ne  yields  ethyl  acctyhju  : 

C,H,CO.CHg    =    C^H^CZCH    + 

The  hydrocarbons  of  this  class  may  also  be  obtained  from 
acetylene,  by  the  replacement  of  one  or  both  atoms  of  hydrogen 
by  alcohol  radicals. 

The  two  hydrogen  atoms  of  acetylene  may  readily  be 
replaced  by  certain  metals,  such  as  silver  and  copper,  and  its 
hmnologries  which  contain  the  group,  — C^CH,  possess  one 
hydrogen  atom  which  atJmits  of  simiW  replacement*  These 
may,  therefore,  be  recognised  by  the  fact  that  in  ammoniacal 
solution  they  yield  a  precipitate  with  a  silver  salt  or  with 
cuprous  chloride,  whilst  the  hydrocarbons  containing  two 
alcohol  radicals  do  not  do  so. 

(2)  The  hydrocarlxms  of  the  second  class  contain  the  group 
— HC— CIZCH^,  and  are  derived  from  the  haloid  ethereal 
salts  of  olefines,  or  from  those  obtained  from  ketones,  in  which 
a  treble  linkage  of  the  carbon  atoms  cannot  occur.  Thus 
amylene  bromide  yields  diraethyi'isoaliyk^ie: 


OH, 


"^CBr.CHBr.CH^    = 


CR 


'^0=0=^ 


!=CH,     +     2HBr. 


And  the  chloride    obtained 
tetramtikyUalhjkne : 

)CRCCLCH( 


from  di*isopropyl    ketone  yields 


;C=C-C(        +  2HC1. 
CH/  V^Hg 


Tliese  hydrocarbons  do  not  yield  any  metallic  compounds. 

(S)  The  members  of  the  third  ckiss  contain  two  grouj^s  of  doubly- 
linked  carbtm  atoms.  The  only  member  of  the  class  yet  knowTi  is 
diallyi,  C^H^^,,  obtained  by  the  action  of  sodium  on  allyl  iodide, 
and  having  the  constitution  CH,ZICH.CH,.CH2,CH~CH2, 
This  also  does  not  contain  any  hydrogen  atom  replaceable  by 
metals. 

The  hydrocarbons  of  tlie  Cq  C^n.^  series  are  also  produced  by 
the  electrolysis  of  acids  of  the  series  C^  Hsn^Oi ;  thus  fumaric 
acid  yields  acetylene : 

CH.CO.H  CH 

II  =      III       +     2C0.     ^     H,; 

OH 


CH.CO3H 
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whilst  itaconic  acid  gives  uoaUyl€w& : 


C.CO.H    = 


i, 


c 

II 


+    2C0,    +    Hg. 


They  are  aJso  found  amongst  the  products  of  the  dry  distillation 
of  various  organic  substances* 

These  hydrocarbons  unite  with  the  elements  of  the  chlorine 
group  to  form  two  classes  of  compounds,  the  first  class  being 
formed  by  the  addition  of  two  atoms  of  the  chlorous  elements 
The  bodies  thus  obtained  belong  to  the  olefioe  type,  and  they 
again  combine  with  two  more  atoms  of  the  halogen.  They 
behave  similarly  Tvitli  the  hydracids,  the  halogen  combining 
with  the  carbon  atom  poorest  in  hydrogen. 


ETHINE  COMPOUNDS. 

781  Acdylme,  or  EtMm\  C^H^,  was  first  examined  hy  Edmund 
Davy,  who  obtained  it  by  tlie  action  of  water  on  the  greyigih-bruwn 
mass  produced  by  heating  carbonized  tartar  and  charcoal  jxiwder 
together  in  an  attempt  to  prepare  potassium.  He  described  the 
gas  as  a  new  hydrocarbon  which  he  called  klumene,  but  did  not 
submit  it  to  further  examination,  the  mass  from  which  it  was 
obtained  being  considered  by  him  to  be  a  carburet  of  potassium^ 

These  observations  were  however  quite  forgotten  until  Berthe- 
lot  re-discovered  this  hydrocarbon  and  gave  to  it  the  name  of 
acetylerxe,*  Ho  obtained  it  by  passing  ethylene,  or  the  vaptjurs 
of  wood-spirit,  alcohol,  ether,  &c.,  through  a  red-liot  tube. 
Berth elot  also  observed  its  existence  in  coal-gas,  which,  how- 
ever, contains  only  about  0*06  per  cent.  He  found  further,  that 
it  is  produced  when  an  induction-spark  is  passed  tli rough  marsh 
gas,  ethylene,  or  a  mixture  of  cyanogen  and  hydrogen,  and  also 
when  the  vapours  of  ether,  amylene,  and  other  volatile  carbon 
compounds  undergo  incomplete  combustion. 

St/nthe^is.  By  far  the  moat  important  observation  nicode  by 
Berthelot  on  this  subject  is,  however,  the  synthesis  of  acetylene 

*  Ann^  Chem.  Pharm,  xxiil,  144. 

'  ^rtit.  Chim.  Fh^js.  [3].  Lwii.  52  ;  [i],  ix.  413  ;  xiii.  143  ;  Brit  Assoc  Hep. 
1836  (part  2),  pp.  62—64 ;  Thoiusou,  Records,  iv.  183G,  pp.  321—323. 
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which  he  effected  by  paasing  a  powerful  electric  current  between 
two  earbijn  poles  iii  an  atmosphere  of  hydrogen.  The  apparatus 
wliich  he  employed  is  shown  in  Fig.  119.  The  glass  vessel  O 
is  clnaed  by  doubly-bored  corks  which  cany  glass  tubes,  the 
narrow  tubes  (t  t)  serving  for  conducting  hydrogen  to  and  from 
the  vessel,  whilst  through  the  wider  tubes  (T  T)  stout  copper 
rods  pass.  One  end  of  each  of  these  b  attached  to  poles  of 
purified  gas-carbon,  the  other  end  being  connected  with  a 
battery  of  50  Bunsen  elements.  The  acetylene  formed  by  the 
action  of  the  electric  arc,  mixed  with  hydrogen,  is  passed  into 
an  ammoniaeal  solution  of  cuprous  chloride,  and  the  red  insoluble 
copper  compound  thus  obtained  (which  is  more  fully  described 
furtlicr  on),  is  then  treated  with  hydrochloric  acid,  when  acetylene 
is  liberated.^ 


Another  interesting  fact  respecting  the  formation  and  decom- 
position of  acetylene  has  been  recently  nuted  by  Berthelut 

In  the  combination  of  carbon  and  hydrogen  61|100  units 
of  heat  are  absorbed,  so  that  the  sudden  decomposition  of 
acetylene  siiould  cause  a  rise  of  temperature  amounting  to 
3000^  But  this  suilden  decomposition  cannot  be  effected 
either  by  heat  or  by  means  of  the  electric  spark ;  it  can,  how- 
ever, easily  be  brought  about  by  exploding  by  the  spark  O'l 
grm.  of  fulminating  mercury  in  a  volume  of  about  20  to  25 
cbc.  of  acetylene,  when  a  violent  detonation  occurs  and  the 
acetylene  is  suddenly  decomposed  into  finely  divided  caibon  and 
its  own  volume  of  hydrogen.* 

Acetylene  is  likewise  produced  when  the  vapour  of  chloroform 
is  passed  over  red-hot  copper  (Berthelot)>  or  when  chloroform  is 


'  Ann,  Chim,  Phys.  [3],  \xv\\,  52, 

*  Bert  helot,  BulL  Soc,  Ckim,  xxiviiL  5, 
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heated  with  sodium.^     It  is  formed  also  in  the  clectroK'SLs  of 

funiaric  and  maleic  acids.* 

782  Preparation.  For  its  preparation  ethylene  bromide  is 
allowed  to  drop  slowly  into  a  concentrated  boiling  solution  of 
caustic  potash  in  alcohol,  the  evolved  gas  being  passed  through 
a  second  similar  boiling  solution  in  order  to  free  it  from  brom- 
ethylene.^  According  to  Zeisel,  the  above  treatment  does  not 
completely  remove  the  latter  compound,  but  this  may  be 
effected  by  passing  the  gas  over  moderately-heated  soda-lime** 


Fig.  120. 


Acetylene  is  moreover  formed  in  large  quantity  when  the 
vapour  of  ethylene  chloride  is  passed  over  heated  lime  or  soda- 
lime,*  It  is  also  prwlnced  abundantly  in  the  incomplete  combus- 
tion of  coal-gas,  as  may  be  well  shown  when  the  flarae  of  a  Bunsen- 
bumer  "  bums  dow^n.*'  **  If  a  large  glass  globe  be  held  for  a  few 
minutes  over  the  burner  and  then  a  few  drops  of  cuproua 
chloride  poured  over  the  inner  surface  of  the  globe  a  dark  red 
film  is  formed  on  the  sides  of  the  vessel    To  prepare  the  copper 

*  Fittig,  ZeOsch.  Chem.  186«»  127.  "  Ann.  Chrm.  Pharm,  exicxi.  S5. 

»  Miaanikow,  Ann,  Chem.  Fharm,  ciyiii.  350 ;  Sttwitach,  ib.  cxix,  184  ;  Sabane- 
jew,  ib,  clxxriii.  Ill,  *  76,  cxci.  372. 

*  von  Wilde.  Bcr.  Daiisch,  Ch^m,  Oes,  ril  852, 

*  EietJi,  ZcUseh,  Chem,  18G7.  598. 
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compound  in  larger  quantity,  the  apparatus  shown  in  Fig.  120  is 
,  employed,  the  products  of  combustion  being  drawn  by  means  of 
an  aspirator  through  a  cylinder  containing  the  amiiioniacal  copper 
solution.  Since,  however,  a  current  of  air  accompanies  the  acety- 
lene the  cuprous  oxide  soon  becomes  oxidized  and  the  fornQation 
of  the  red  compound  ceases.  A  rieher  yield  of  tlds  latter 
compound  is  obtained  when  an  apparatus  is  used  similar  to  that 
described  by  Bertheiot.^  The  burner,  A  A  (Fig.  121),  is  connected 
with  the  bntss  tube,  B  B  B,  the  dow^nward  bent  portion  of  which 
is  cooled  in  order  to  condense  the  water*  This  collects  in  F, 
whilst  the  gas  is  drawn  through  the  cuprous  solution  by  means 
of  the  aspiration  of  the  Bunsen-pump.   The  stop-cock,  U,  serv^es 


Fm.  121. 


to  regulate  the  stream  of  gas,  so  tliat  neither  coal-gas  nor  air  is 
in  excess.  This  apparatus  may  be  kept  at  work  for  many  days ; 
every  morning  the  current  of  gas  is  stopped  for  a  quarter  of 
an  hour  in  order  to  allow  the  copper  compound  to  settle-  When 
sufficient  quantity  of  the  precipitate  has  been  deposited  iu  R,  the 
flask  is  removed  and  replaced  by  a  fresh  one,  and  this  in  its  turn 
by  another  flask  containing  the  cuprous  solution.  The  liquid  is 
drawn  off*  by  means  of  a  siphon,  and  the  residue  is  washed 
►repeatedly  with  distilled  water  until  the  ammonia  is  completely 
removed,  as  otherwise  the  moist  compound  quickly  oxidizes. 
By  treatment  with  hydrochloric  acid  ethylene  is  liberated,  but 

»  Jnn.  Owm,  Fk^.  [5],  x.  365. 
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tliia  always  contains  a  little  chlaretliykno  (Berihel«ii,  Zeiwlj. 
By  means  of  this  apparatus  Berthelot  obtaiutfd  in  one  night  &  I 
qiiautity  of  the  cuprous  compound  sufficient  to  yield  four  littisJ 
of  acetylene.     An  improved  form  of  the  appiratus  haa  h^n\ 
described  by  Jungfleiscb.^ 

Bertbelot  gives  the  following  process  for  the  preparation  of  i 
solution  best  adapted  for  the  absorption  of  acetylene,  Ctif 
oxide  is  dissolved  in  eoUl  commercial  hydrochloric  acid,  and  the^ 
solution  is  poured  into  flasks  half  filled  with  copper  turuing«,l 
The  liquid  quickly  becomes  colourless  and  then  commercial  J 
ammonia  (well  cooled  by  water)  is  added  until  the  solution  hiw  a] 
slightly  acid  reaction,  after  which  the  liquid  is  made  alkaline  will* j 
ammooia.  All  these  operations  must  be  quickly  performed,  aajj 
air  excluded  as  much  as  possible, 

783  Propertm.  Acetylene  is  a  colourless  gas,  possessing  a] 
peculiar  unplecosant  smell.  Its  specific  gravity  is  0*91*  Cailletetl 
has  condcused  it  at  +  1^  under  a  pressure  of  48  atmosphere.sJ 
U>  a  mobile  highly  refractive  liquid/  whilst  Ans*iell  found  thatl 
at  0°  a  pressure  of  21*5  atmospheres  suffices  for  producing  tliej 
liquid,  and  that  at  tlds  temperature  it  has  a  specific  gravity  ot 
0  451.'  Water  at  18**  dissolves  its  own  volume  of  acetylene^! 
whdst  six  volumes  of  absolute  alcohol  or  glacial  acetic  «ieid| 
are  needed  \\Tjen  ignited  it  bums  with  a  very  smoky  Hsuna,! 
and  with  oxygen  it  forms  a  highly  explosive  mixture.  Ethylene 
is  formed  by  the  action  of  zinc  and  ammonia  on  the  acetylene-l 
copper  compound,  and  when  a  mixture  of  hydrogen  and  acetj-^ 
lene  is  brought  in  contact  with  platinum  black,  the  two  gases 
unite,  foiming  ethylene.* 

Acetylene  unites  with  haloid  hydracids,  first  forming  mono-, 
substitution-products  of  ethylene,  and  these  combine  with 
second  molecule   of   the   acid,   thus  giving  rise  to  ethidene| 
compounds.* 

Concentrated  sulphuric  acid  slowly  absorbs  acetylene,  ami 
when  this  solution  is  diluted  with  water  and  distilled,  cri^too- 
aldehyde  (p.  403)  passes  over,  the  formation  of  which  may 
readily  explained  ;  acetylene  combining  with  water  first  to 
acetaldebyde,  and  this  then  condensing  to  crotoualdebydo. 

*  Cmnpt,  Itevd,  xc.  364. 
3  Cntfipt.   ttrmi    Ikxxv,  851. 
^  Chem,  AVi/jrf,  xl,  13d. 

*  von  Wildt%  Btr,  Dtuisch,  Chem,  Oe$.  vii.  353. 

*  Berthelot,   Arm,  Chatu  Phann,  csoPtiL  122 ;  R«boul,  Bcr,  DeutacK, 
Qm.  v.  326. 


riUMlliM 


PROPERTIES  OF  ACETYLENE. 


4^ 


Chromic  acid  solution  oxidizes  acetylene  to  acetic  acid,  aldehyde 
being  an  intermediate  pnxluct.  whilst  an  alkahne  solution  of 
potassium  permanganate  transforms  it  into  oxalic  acid. 

When  acetylene  is  brought  in  contact  with  mercuric  bromide 
and  wat^er,  it  combines  with  the  latter  slowly  iu  the  cold,  or 
more  quickly  on  heating,  forming  acetaldehyde.  The  part  pbiyed 
by  the  menniric  bromide  in  this  reaction  is  not  understood. 
With  water  alone,  or  hi  the  presence  of  hydrobromic  acid, 
no  combination  occurs.* 

Although  acetylene  is  formed  from  its  elements  at  the  tempe- 
rature of  the  electric  arc,  it  is  decomposed  again  by  the  passi^ 
of  the  induction  spark  (Berthelot). 

Acetylene  is  poisonous,  combining  with  the  haemoglobin  of 
the  blood  to  form  a  compound  suuilar  to  that  yielded  by  carbon 
monoxide,  but  its  poisonous  action  is  less  energetic  than  that  of 
the  latter  body.* 


Metaluc  Compoukbs  of  Acetylene, 

784  When  sodium  is  geutly  heated  in  acetylene  it  becomes 
covered  with  a  thin  white  layer  of  C^HNa,  and  at  a  dark  red 
heat  this  passes  into  a  black  mass  of  C^Na^.  At  the  same  time 
small  quantities  of  ethylene  and  ethane  are  formed.  When 
potassium  is  fused  in  acetylene  the  compound  CgK^  is  formed, 
and  the  mass  becomes  incandescent.  All  these  compounds  are 
acted  upon  by  water  with  explosive  violence,  acetylene  being 
again  formed.* 

Calcium  AceiyUck^  CjCa,  is  obtained  when  an  alloy  of  calcium 
and  zinc  is  strongly  heat-ed  with  charcoal.  It  is  decomposed  by 
water  iuto  calcium  hydroxide  and  acetylene,* 

Cuprous  Acdylide,  C^Cu^  +  H^O,  Quet  observed  that  when 
the  induction  spark  is  passed  into  alcohol,  or  when  its  vapour  is 
passed  through  a  red-hot  porcelain  tube,  a  gas  is  fonned  which 
yields  precipitates  with  ammoniacal  cuprous  chloride  solution 
and  silver  solution^  and  that  these  pro^iucts  explode  when 
heated  or  on  percussion,^    Bbttger  obtained  similar  precipitates 


^  Kutflcharow,  Ber,  Peuitch,  Cfhem.  Get*  xIt.  1540, 

'  BUtrow  and  Liebreich,  Bcr.  Deutaeh,  Chcnu  Qc$,  i  220. 

'  Berthelot,  B%dL  Soc,  Chim,  1806,  v.  182 ;  Ann.  Ousm,  PhuTm, 

^  WoMer,  Ann,  Chem.  Fharm.  cxjdv.  220. 

•  Comyiu  Bendus,  xM.  &03  |  ^pmw  Ckem,  Fharm.  oviii  116. 
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by  passing  coal-gas  through  these  solutions,  and  he  termed  the 
red  flocculent  substance  a  copper-hydrocarbon  compound,  as  it 
is  converted  by  hydrochloric  acid  into  a  gaseous  hydrocarbon 
and  cuprous  chloride.^  Torrey  then  stated  that  as  early  as 
1839  he  had  found  in  the  copper  gas-pipes  in  New  York  a 
brown  sc^ily  deposit  which  exploded  violently  on  percussion  or 
when  heated  to  200°.*  Berthclot  was  the  first  to  examine  this 
substance  more  minutely,  and  Crova  pointed  out  that  it  is  also 
formed  when  moist  acetylene  is  brought  into  contact  with 
metallic  copper.^ 

The  prtfparation  of  this  copper  compound  has  already  been 
fully  describefh  It  forms  a  dark  red  amorphous  precipitate,  which 
when  dry  explodes  either  on  percussion  or  on  heating  to  about 
100**— 120°.  leaving  behind  a  velvety  black  powder  which  con- 
tains charcoal  and  copper.  When  brought  in  contact  with 
chlorine,  bromine^  or  finely  divided  iodine,  ignition  takes  place. 
The  formation  of  this  compound  is  so  characteristic  and 
delicate  that  according  to  Berthelot  the  presence  of  0'005  mg* 
of  acetylene  can  thus  be  recognised. 

The  constitution  of  this  compound  has  as  yet  not  been  ascer- 
tained. Berthelot  gave  to  it  the  formula  (C2HCu2)jO,  and 
termed  it  cuprmo-acet^l  (yxidc,^  but  Blochmann,  on  the  other 
hand,  found,  as  the  result  of  very  careful  analysis,  numbers 
giving  the  composition  C2HJJCU2O,  which  corresponds  with  the 
formula  given  above.^  When  acetylene  is  passed  into  a  solution 
of  cuprous  chloride  in  potassium  chloride  a  red  precipitate  is 
likewise  produced,  and  this,  according  to  Berthelot,  is  cmfr<mH 
(leeiyl  chloride,  CgHCu^CL  If  this  formula  be  correct,  tlie 
compound  precipitated  from  ammoniacal  solution  will  be  the 
corresponding  hydroxide,  and  the  constitution  of  these  compounds 
would  be  represented  by  the  following  formulae  : 


Copfoao-aoetrl  Hydroxide. 

CH=C— Cu— Cu-^OH, 


Cuprono-acetyl  Cliloride, 

CH^C— Cu— Cu— CI. 


Berthelot  has  also  prepared  other  cuproso-acetyl  salts,  bu^  has 
not  published  any  analyses. 

Silver  Aceiylidc,   CjAg^  +  H^O,   is   foimed   as  a   white  or 
yellowish  precipitate  by  passing  acetylene  into  an  ammoniacal 

*  Arm,  C?iem.  Phnrm,  cix.  851. 

*  JaJtrcMb.  3859,  222. 
>  lb,  1862,  442. 

*  Ann,  Ch^tt,  Pharm,  cxxxviiL  246. 

*  It.  clxxiii.  1 74. 
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solution  of  silver  nitrate.  In  the  dry  state  it  explodes  even 
more  easily  than  the  copper  compound.  BluchmaiLn*s  analyses 
give  the  above  formula,  but  Berthelot  considers  the  compound 
to  be  argentacetyl  oxide,  (CjjHAgJ^O,  and  he  has  prepared  the 
corresponding  chloride,  CgHAg^Ol,  from  a  solution  of  silver 
chloride  in  ammonia. 

If  silver-acetylide  be  shaken  up  with  a  solution  of  iodine  in 
ether  until  this  is  decolorized,  and  tJie  liquid  be  then  evaporated, 
yellow  crystals  are  formed  which  have  a  repulsive  odour,  and 
the  vapour  strongly  attacks  the  eyes.  According  to  Berend 
they  possess  the  lV.rmula  C^HJ^,  and  yield  a  large  quantity  of 
acetylene  when  heated  with  alcoholic  potash.^  The  constitution 
of  this  compound  is  not  known. 

When  acetylene  is  passed  into  an  ammoniacal  solution  of  aurous 
thiosulphate,  a  yellow  liighly  explosive  precipitate  is  formed,  whilst 
in  an  alkaline  solution  of  mercury  potassium  iodide  a  yellow 
precipitate  is  obtained  having  the  composition  C^jHHgl^HgO ; 
this  explodes  slightly  on  beating,  and  yields  acetylene  on 
treatment  vdth  acids.* 


HALom  Ethereal  Salts  of  Acetylene. 

785  Acdykne  Dichl&rklc,  CgH^Cl^.  When  acetylene  and  chlorine 
are  brought  in  contact  deflagration  usually  occurs  and  carbon  is 
separated*  Sometimes,  however,  under  conditions  wliicli  have 
not  as  yet  been  detennined,  the  dichloride  is  produced.  This 
latter  may  be  easily  obtained  pure  by  passing  acetylene  into  mode- 
rately cooled  antimony  pentachloride,  when  crystalline  plates  of 
C,^H2Cl2.SbC!3  are  formed,  and  this  on  heating  spUts  up  into 
antimony  trichloride  and  acetylene  dichloride.*  This  latter  is  a 
mobile  liquid,  which  boils  at  55**  and  has  an  odour  resembling 
that  of  chloroform. 

Acetyl tn€  Tctraddoridr,  CoH^jCl^,  is  obtained  when  the  double 
compound  just  described  is  heated  with  an  excess  of  antimony 
pentachloride,  and  also  when  phosphorus  pentachloride  acts  on 
dichloracetaldehydc,*  or  when  chlorine  is  passed  into  ethylene 


*  Ann,  Chefn.  Pkarm,  C3txxv.  25  7^ 

*  BaflMt»  Chem.  News,  xix.  2S. 

*  Bert  helot  and  Juugfleisch,  Ani^.  Chfm^  Pharm.  SuppL  fit  252. 

*  Patcroo  and  Fisati,  Jtthreab.  1S71,  608. 


chloride  (p*  41).    It  is  a  liquid  boiling  at  147*,  and  at  0*  hm 
specific  gravity  of  1'614. 

AcetyUm  IHhmmide,  C^H^Brg,  is  produced  by  the  onion 
acetylene  and  bromine,*  but  is  not  easily  obtained  pure  ia  tli 
way.  It  may.  however^  be  readily  prepared  from  the  Mr 
bromide  by  decomposing  its  well-cooled  alcoholic  solution 
zinc,  and  after  the  reaction  is  over,  precipitating  with  wtd^t 
It  is  hquid  having  a  chloroform-like  smell,  boiling  atllO*— llll 
and  having  at  23''  a  specific  gravity  of  2*20. 

Accttjkne  Tctrahromide,  CgH^^Br^  is  obtained  by 
acetylene  into  bromine  under  water.  It  is  a  liquid  which  at 
IT'5  has  a  specific  gravity  of  2'9493.  At  190'*  it  decomposes 
into  hydrobromic  acid  and  tribromethylene,  but  under  a  preesure 
of  36  mm.  of  mercury  it  boils  at  137*.» 

Acrtyhm  I>i-iodidi\  CjH^I^,  This  compound  separates  out  i 
crystals  when  acetylene  is  passed  into  a  mixture  of  iodine  nni 
absolute  alcohol.  The  liquid  is  removed  by  the  filter-pum]i 
the  residue  washed  with  dilute  potash  solution  and  then  re-^ 
crystallized  from  hot  alcohol.  It  forms  long  thin  flexible  needl« 
which  possess  a  strong  and  characteristic  odour.  It  melts  at 
73^  but  it  volatilizes  at  the  ordinary  temperature,  and  may  be 
sublimc-d  w^ithout  decompisition. 

Together  with  this  compound,  an  isomeric  liquid  di-iodide  ii 
formed  which  decomijoses  on  heating,  and  also  a  more  vobt 
iodine  compound  which  escapes  with  the  unabsorbed  acetyleoe 


SuBSTmrrioN-PRODucTS  of  Acetylene. 

786  Monochhmeetylme,  C^HCl.     By  the  reduction  of  chlo 
did  (Part  I,  p.  538)  a  dichloracrylic  acid  is  prmluced,  and  thii 
on  boiling  \vith  baryta-water  decomposes  into  monochloracetylen 
hydrochloric  acitl,  and  carbon  dioxide : 

CCl,=CRCOjH    -    CCeCH    -f    HCl    +  COj. 

Tlie  pure  gas  is  spontaneously  explosive,  yielding  carbon  an 
hydrochloric  acid,  but  does  not  explode  when  it  is  diluted  witi 
hydrogen.  When  this  mixture  is  passed  into  bromine  it  forms  I 

*  Bertht^ot:,  Ann,  Chrni,  Phani^.  cxxiy.  272;  Sahaiiejrw,  clxxviiL  SIC 
^  Subaiiuj't'w,  Ber,  Ikutsch.  Ch*fm,  Otji,  ix,  1441  ;  AimohutXi  il^.  "^^    *^''"l» 

*  SalmTieicw,  Ann.  Chetfi.  Pharm.  elxiviii.  113* 

*  Ibid^  clxxviii.  118, 
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crystalline  tetrabromide  C^HClBr^  a  substance  which  is  aJsa 
produced  when  bromine  acts  upon  etliyl  chloride,  aiid  is  known 
as  a'chlortetrahrmttethane} 

When  passed  into  a  solution  of  cuprous  chloride  in  ammonia^ 
mnnochloracetylene  produces  a  yello\rish  red  precipitate,  whilst 
with  silver  nitrate  solution  a  white  precipitate  is  formed.  Both 
compounds  are  highly  explosive.* 

3fonobronutccfi/hne,  CgHBr,  is  formed  when  bromethylene 
dibromide  is  heated  with  alcoholic  potash*®  The  gas  thus  pro- 
duced is  mixed  with  much  free  acetylene.  An  aknost  pure 
product  is  got  by  the  decomposition  of  dibromethylene  dibromide 
according  to  the  following  equation : 

CH3r— CBr3     ^     CH=CBr     +     HBr     ^     Br^. 

The  bromine  which  is  liberated  o^dizes  the  alcohol  to  formic 
acid.* 

The  gas  liquefies  under  a  pressure  of  three  atmospheres,  and 
in  the  air  it  takes  fire  and  bums  with  a  purple-coloured,  very 
smoky  flame.  When  brought  in  contact  with  oxygen  explosion 
occura.  IS,  however,  the  compound  he  diluted  with  an  indilierent 
gas  and  the  mixture  brought  in  contact  with  air,  white  clouds 
of  bromacetie  acid  are  produced.*  With  an  anmioniacal  solution 
of  cuprous  chloride  it  produces  a  red  precipitate,  which,  accurding 
to  Reboul,  is  copper  acetyEde-  It  unites  with  bromine,  forming 
pentabromethane, 

H  787  Methyl- Acetylene,  or  AUyhne,Ql[{^.Qz:zOTi,  was  first  obtained 
'  by  Markownikow  by  heating  propylene  bromide  with  alcoliolic 
potash,®  and  alnifjst  simxdtaneously  by  Sawitsch  by  acting  on 
brom -propylene  with  a  solution  of  sodium  ethylate.^  It  is  also 
formed  by  heating  /8-chlurprapylene  with  caustic  potash  and 
alcohol,®  and  further,  by  the  action  of  sodium  on  dichlorinated 
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^  Donrel,  Ber.  DeiitvA  Ch^m,  (ks.  xi,  1 739. 
'  "Wftilnch,  Anju  Chcm.  Phnrm.  cciii.  87. 

•  Sawitsch,  Ann,  C/f^ni,  Fharm,  cxix,  183  ;  Reboul,  t5.  cixiv,  267. 
«  R«boul,  ih,  cxxT.  81. 

*  FtmUiiie,  ih,  clvL  260, 

•  Ann,  Chcm,  /'fuinn.  cxvUi,  830,  ^  Jhk  exix.  18fiw 

*  Priedel,  ii,  cxxxiv.  2^2, 
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diraethyl-methylene  cliloride  (dichloracetone  chloride)  ^  or  its 
isomeride  tetracViIor-glycide  (p.  356).  The  last-named  compound 
yields  in  addition  propylene,^  and  probably  the  isoallylene  de- 
scribed biilow.  For  the  preparation  of  methyl-acetylene  propylene 
bromide  is  used,  and  the  method  corresponds  exactly  to  that 
by  which  acetylene  is  prepared  from  ethylene  bromide,^ 

Allylene  is  a  gas  possessing  a  strong  smell,  which,  however,  is 
less  unpleasant  than  that  of  acetylene.  It  takes  fire  readily,  and 
barns  with  a  very  smoky  flame.  It  combines  slowly  with 
fuming  hydrochloric  acid,  forming  dimethylmethylene  chloride, 
whilst  it  is  absorbed  by  highly-concentrated  hydrobromic  acid 
with  formation  of  dimethylmethylene  bromide  and  a  little  fi- 
brompropylene*  If  concentrated  hydriodic  acid  be  poured 
into  a  flask  filled  with  allylene,  dimdhyUmethyUme  iodidt, 
CHgCIg-CHjj,  is  produced,  a  heavy  liquid  which  boils,  with  con- 
siderable decomposition,  at  147^^^148'*/  and  when  acted  on  by 
sUver  oxide  is  transformed  into  acetone.*  By  the  direct  union 
of  allylene  with  water,  in  presence  of  mercuric  bromide,  acetone 
is  readily  formed  (see  Part  I.  568).  Potassium  permanganate 
oxidizes  allylene  in  the  cold,  yielding  formic,  oxalic,  and  malonic 
acids.  An  aqueous  chromic  acid  solution,  on  the  other  hand, 
converts  it  into  propionic  acid  (Berthelot).  When  allylene  is 
gently  heated  mth  sodium,  it  is  decomposed  \vith  separation  of 
carbon  and  hydrogen  and  formation  of  sodinra  acetylide/ 

788  Mdallic  Compounds  of  Allylene,  If  sodium  be  covered  with 
ether,  then  cooled  in  a  freezing  mixture,  and  allylene  led  in,  the 
gas  is  absorbed  in  considerable  quantity,  and  after  standing  for 
a  few  days  sodvum-all^hne^  CgH^Na,  is  formed,  together  with 
propane :  * 

aCaH^    +     4Na     =     40^H3Na    +     C^Hg. 

It  is  a  colourless  crystalline  powder  which  becomes  resinous  in 
the  air,  and  frequently  takes  fire  on  exposure. 

When  allylene  is  passed  into  a  solution  of  cuprous  chloride  in 
ammonia,  a  yellow,  flocculent  precipitate  of  miprous  allylide^ 
(C^HJj^Cuj,  is  thrown  down.     This  becomes  incandescent  when  | 

*  Boreche  imd  Fittig.  Ann,  Ch&m.  Pharm.  crxriii.  119. 

*  Pfeffer  iitid  Fittigp  ib,  cxxxv.  865. 
'  Liebt^rmatiu,  Ann,  Chevi,  Phitrm.  cxxxv.  266. 

*  Kelxjtil,  Ann,  Chim,  PAj^#.  [5],  xiv.  465. 
'  Oppenheim,  ZciUnh,  Chejn.  1865,  710  ;  Semenow,  ih,  1865,  725» 

*  Sorokin,  ZeUitch,  Chem.  1871,  264. 
'  Berthelot,  Ann,  Chim,  PAia*.  (4)  ix,  935. 

*  Lagermork,  Journ,  JiuM.  Chem,  Ges,  xii  288. 
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heated,  and  on  treatment  with  hydrochloric  acid  evolves  allyl- 
ene*  It  dissolves  in  ammonia  which  contains  ammonium 
chloride  in  solution,  and  this  explains  the  fact  that  when  cuprous 
chloride  is  dissolved  in  hydrochloric  acid,  and  the  solution  then 
saturated  wuth  ammonia,  thia  li<iuid  absorhs  allyleiie,  hut  does 
not  yield  any  precipitate  with  it.  The  composition  of  copper- 
allylide  has  not  been  exactly  determined,  but  it  probably 
corresponds  with  that  of  the  following  compound. 

SilvcT'AlIylide^  CgHgAg,  When  allylene  is  passed  iuto  ao 
ammoniacal  silver  solution,  this  compound  is  formed  as  a  whiti- 
exceedingly  Hght  precipitate,  consisting  of  microscopic  needles. 
This  changes  colour  on  standing,  and  more  quickly  when  in  the 
moist  state,  becoming  at  first  reddish-yellow  and  then  green,  and, 
as  in  the  case  with  silver  chloride,  this  change  of  colour  is  not 
■  accompanied  by  any  substantial  alteration  in  the  composition  of 
the  compound. 

This  substance  is  decomposed  by  mineral  acids  and  by  sulphu- 
retted hydrogen,  allylene  being  evolved.  It  deflagrates  when 
kieated,  frequently  at  so  low  a  temperature  as  lj{f^  with  separa- 
tion of  spongy  charcoal. 

By  the  action  of  an  aqueous  solution  of  iodine  and  iodide  of 
potassium,  allylene  is  converted  into  iodallylene^  C^H^L  This  is 
a  liquid  which  boils  at  98**,  possesses  a  penetrating  odour,  and 
fstrongly  atUicks  the  eyes  and  mucous  membranes.  It  is 
retransformed  into  allylene  when  treated  with  zinc  and  hydro- 
chlori<^acid  (Liebermann). 

789  Halvid  Ethereal  Salts  of  Allyloie,  The  dichloracetone 
chloride  already  described  is  allylene  tetrachloride,  CH^-CClj* 
CHClj.  It  is  obtained  by  heating  together  for  some  time 
pbospborus  pentachloride  and  dichloracetone  (Part  L  p.  571). 
It  is  an  oily  liquid  which  has  a  peculiar  but  not  unpleasant 
smell,  and  hoUs  at  153°. 

Allylmie  I>ibromidc,  CgH^Brj,  is  obtained,  together  with  the 
compound  next  described,  by  acting  on  allylene  with  broiiiine,^ 
and  is  also  formed  when  brompropylene  bromide  is  heated  with 
silver  acetate.^  It  is  a  heavy  liquid,  possessing  an  aromatic 
odour,  and  boiling  at  130^—132'. 

Alli/kne  Tctralrromidi\  C^H^Br^,  boils  with  partial  decom- 
position at  225'' — 230",  but  under  a  diminished  pressure  distils 
unchanged. 

^  Oppenheim,  Ann^  Chtm,  Pharm.  czxxii  126, 
*  Liiiiieiaaim,  ib*  cxxxvi.  50, 
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AJfyhne  Di-iodtde,  C^H^Tg,  is  formed  when  allylene  is  exposed 
to  simUght  in  contact  with  a  sohition  of  iodine  hi  potassium 
iodide.     It  is  an  oily  liquid  which  boils  at  198**.^ 

lodallykne  Di-iodide,  CgHgl^,  is  obtained  by  shaking  up  silver 
allylide  with  an  ethereal  solution  of  iodine  so  long  as  this  is 
decolorize<],  then  adding  a  <|uantifcy  of  iodine  equal  to  that 
ahready  used,  and  afterwards  allowing  the  mixture  to  stand  until 
the  colour  of  the  iodine  has  disappeared.  It  crystallizes  in  long 
needles  which  readily  decompose  with  separation  of  iodine 
(Liebermann), 

Im-allyk}i€,  or  Allene,  CH^TZC^CHg,  is  fonned  by  the 
electrolysis  of  the  potassium  salt  of  itaconic  acid,  C^ll^(CO^W)^^ 
and  is  a  gas  which,  in  smell,  resembles  allylene,  but  it  does  not 
precipitate  ammoniacal  silver  or  copper  solution.* 

The  hydrocarbon  obtained  by  Hartenstein  from  dichlorhydrin 
is  doubtless  identical  with  iso-allylene.  When  this  latter  ia 
heated  with  phosphorus  pentachloride»  ^-chlorallyl  clUcride, 
CHCl^CH — CH^Cl,  is  formed,  a  liquid  having  a  pleasant 
though  somewhat  pungent  odour,  and  boiling  at  100**.  When 
treated  with  sodium,  in  the  presence  of  benzene,  it  yields  a  gas 
which  likewise  yields  no  precipitate  with  ammoniacal  silver 
sohition. 

Iso-allylene  combines  with  bromine  to  form  iso-allykne 
tetrahromidi,  C^H^Br^  a  compound  which  dissolves  readily  in 
ether  and  crystalUzes  in  tablets  melting  at  195.**' 


BUTINE  COMPOUNDS. 

790  Elhyl-aceiykne,  CH3.CH2.CHCH,  is  obtained  from  ethyl- 
methyl-kotone  by  a  reaction  wliich  has  already  been  described 
(Part  I,  p.  182).  It  boils  at  18^  has  a  pungent  odour,  and  gives, 
with  an  ammoniacal  silver  solution,  a  white,  and  witli  one  of 
cuprous  chloride,  a  yellow,  precipitate.  It  forms  with  bromine 
the  crystalline  tetrabromide.* 

Crotonyknc,  C^Hg,  was  obtained  by  Caventou  by  heating 
brom-butylene  with  sodium  ethylate.  It  is  a  liquid  which  boils 
between  IS""   and   24*;   possesses   a  pungent  odour  somewhat 

*  Opfenheim,  BuU.  Soc,  Chim.  iv.  434, 

"  Aarland,  Jmint.  Prakt,  Cfum,  [2],  vi.  256. 

'  Hurtenatein,  Joum.  PmkL  CJirm,  [2],  vii  JJIO. 

*  Bmglauts,  Ber.  Dcutach,  Cfma.  Ges.  Tiii.  410. 
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resembling  that  of  the  leek,  and  the  density  of  its  vapour  is 
1'936.  It  combities  with  bromine  to  yield  (yrotoiiylcne  tctra- 
hf'omide,  C^H^jBr^,  a  white,  crystalline  body  volatihzing  somewhat 
readily  in  the  air  J 

The  butylene  dibromide,  which  was  used  by  Caventou  for  the 
preparation  of  the  brom -butylene,  was  obtained  by  fractional 
distillation  from  the  mixture  of  bromides  which  is  got  by  passing 
into  bromine  the  giis  obtained  by  heating  to  redness  the  vapour 
of  fermentation — amyl  alcohol.  This  gas  contains,  as  we  now 
know,  isomeric  butylenes.  The  question,  therefore,  presented 
itself  as  to  whicli  of  these  yields  the  crotonylene.  Butleruw  ex- 
pressed the  opinion  that  it  could  not  be  derived  from  isubutylene, 
(CH3)2C:^CH2,  except  on  the  supposition  that  crotonylene 
contains  free  combining  units,  and  this  appeared  to  him  to  be 
improbable.  To  test  this  theory  he  heated  brom-isobutylene 
I  with  sodium  ethylate  and  obtained,  not  crotonylene,  but  ethyl- 
crotyl  ether ;  * 

(CH),C=CHBr  +  NaOC^Hfi  =  (CH,),CziCHOC,H,  +  NaBr. 

J«  Lermontoff  then  prepared  crotonylene  from  ^-butylene 
dibromide,  CHa.CHBnCHBnCFT^,  and  Ahnedingen  showed  that 
the  ole fines  thus  obtained  are  condensed  by  sulphuric  acid  to 
hexraethyM>eri  zene,  Cg(CH3)^,®  Hence  it  follows  that  crotonylene 
is  drmethyl-acetylene,  CHs^C^CCH^. 

791  BuHju'.,  C^KpKCB—CE^,  When  erythrite,  C,H,(OH)^ 

is   heated  with   concentrated    formic    iicid   to   230°,  butine   is 

'formed,  together  with  water,  carbon  dioxide,  and  the  formate 

C^H^^CHO^jOH.^     It   is  also   found  in  the  liquid  formed  by 

the  coudensation  of  coal-gas,*  and  is  a  hquid  boiling  ab<jut  20**. 

Butine  Tdntchioridc,  CiH^Cl^,  is  fonued  by  the  durect  com- 
bination of  butine  and  chlorine,  and  also  by  the  action  of 
phosphorus  pentaehloride  on  erythiite.  It  crj^stallizes  in  prisms 
which  melt  at  73^^ 

Butine  Tttmbromide,  C^H^Br^  forms  white  needles  or  rhombic 
plates,  which  melt  at  116°,  and  sublime  when  more  strongly 
[heated. 

By  passing  the  vapour  of  amyl  alcohol  through  a  red-hot 
tube  and    lea^iing    the    evolved  gas   into  bromine,  Caventou 

*  Ann,  Chem,  Pharm,  cixvii.  S47, 
=  Zmisch.  Chem   [2],  vi.  623. 

*  Ber,  Deutsch,  Chem.  Gfs,  xW,  2078* 

*  Henninj?^r,  Brr,  Dtutsch.  Cfiem,  Gen,  ri,  70, 

*  Hfmiingcr,  BulL  Soc,  Chim,  zxxiv,  194. 
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obtained  a  product  cootaining  a  tetrabromide  which  ajBlalliaet 
in  D6edles  and  melts  at  114"— US'*/  and  is,  thetefbiB,  probaUy 
botitie  telrabromide^  but  certainly  not  crotonylene  tetaLbromide, 
aa  it  is  not  peiceptibly  volatile  in  the  air*  He  pointed  out, 
moreorer,  that  the  hydrocarbon  which  th^e  crystals  yield  ia  not 
absorbed  by  ammoniacal  cuprous  chioiida.^ 


PENTINE  COMPOUNDS, 


yga  Propyl' Acctyleiu^  CH,.CHj*CH.^CH,  is  obtained  from 
methyl-butyl  ketone,  and  is  a  mobile  liquid  which  boils  at  48^ — 
49^  and  has  an  alliaceous  penetrating  smell.  It  combines  with 
bromine,  forming  a  liquid  dibromide  which  boils  at  190^  and  a 
liquid  tetrabromide  which  boils  at  275\  and  does  not  soUdify  at 
— 15^  Its  silver  compound,  C^H^Ag,  is  a  white,  and  its  copper 
compound  a  yellow,  precipitate.^ 

ImprapylrAcdyUne,  {pK^fi\i£=CK,  can  be  obtained  by  the 
reaction  already  described,  from  valeraldehyde,*  and  from  iso- 
ptopyletbylene.^  It  is  a  liquid  possessing  a  penetrating  smell, 
boils  at  28** — 29°  and  at  O"*  has  a  specific  gravity  0*6854.*  It  forms 
with  bromine  a  liquid  dibromide  and  tetrabromide.  Chromic 
acid  solution  oxidizes  it  to  isobutyric  acid,  acetone  and  acetic 
acid  J  Its  copper  compound  is  yellow,  and  the  silver  compound, 
CjH^Ag,  is  white.  Tbe  Latter  dissolves  slightly  in  ammoniacal 
silver  solution,  and  likewise  in  absolute  alcohol,  from  which  it 
crystallizes  in  small  prisms. 

•  Mdhyl  Ethyl  Acetylene,  CH^.C^CC^H^,  On  heating  the 
dibromide  prepared  from  coniniercial  amyJene,  with  alcoholic 
potash,  Beboul  obtained  a  liquid  having  a  penetrating  smell,  and 
boiling  at  about  44**— 46^  which  he  termed  valer}^lene.*  This 
was  evidently  a  mixture  wbicb  contained  metliylethylacetylene. 
Eltekow  obtained  the  latter  in  the  pure  sUite  by  treating  the 
crude  amylene  with  sulphuric  acid,  converting  the  undissolved 
purt  (p.  241)  into  the  bromide,  and  then  decomposing  this  with 
potash.      The    product  contains  isopropylacetylene,   which    is 

•  Ann,  Chem.  Pharm.  cxxrii.  93.  '  IK  cartvil  S47. 

»  Brayknti,  Ber,  Dmtach.  Vhan.  Chi,  viil.  411.  *  Ih,  406  and  41S, 

•  ElU'kow,  ib,  3L  707  j  Flawitzky  and  Krylow,  ib,  i.  1102. 

•  lb,  jtl.  1939, 

y  Ber.  Dttit'kch.  Chcm,  0e9.  x.  2240, 

•  Ann,  Chan.  Phartiu  cxxxi.  238. 
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removed  by  means  of  ammoniacal  silver  solution,  -when  the 
methyl-acetylene  remains  behind.  It  is  a  liquid  which  boils 
at  5V — 52"*,  and  is  oxidized  by  aqueous  chromic  acid  to  acetic 
and  propionic  acids.* 

Valerylene  unites  with  bromine,  forming  a  dibromide  and 
tetrabromide,  both  of  which  are  liquid*  If  the  first  of  these  be 
heated  with  alcoholic  potash  solution,  valylene,  C^H^  is  formed* 
This  is  an  alliaceous  smelling  liquid,  which  boils  at  50^  and 
forms  by  union  with  bromine  a  crystalline  hexbromide.  Its 
silver  compound,  C^H^Ag,  is  a  white,  and  its  cuprous  compound, 
(CgHJ^Cuj,  a  yellow  precipitate  (Beboul). 


HEXINE  COMPOUNDS. 

793  BexoT/lene,  C^Hj^,,  was  prepared  by  Caventou  from  the 
hexane  of  petroleum  oil,  by  converting  the  dibrumhexane  prepared 
from  this,  into  bromhexylene,  and  then  heating  this  latter  with 
scxlium  ethylate.^  It  boils  at  ab*>ut  80**  and  forms  a  dibit»mide 
and  tetrabroraide,  both  of  which  are  liquid.^  The  hexoylene  pre- 
pared by  Hecht  from  the  hexylene  got  from  mannite  is  probably 
identical  with  this.  This  hexoylene  boils  at  80"* — 83^  unites 
readily  with  bromine  to  form  a  dibromide,  but  fonns  a  tetra- 
bromide  only  with  difficulty.  It  is  oxidized  by  chromic  acid 
solution  to  acetic  and  butyric  acids.* 

A  hydrocarbon  of  the  same  composition  occurs  in  the  light 
coal-tar  oils.  This  has  not  as  yet  been  obtaiiied  pure,  but  its 
tetrabromide  crj^stallizes  from  hot  alcohol  in  long  white  needles, 
which  Dielt  at  112^  and  boil  at  318^» 

794  DmUylot  Eexine,  CH^=CH.CH2.CH„.CH=CH2,  was  first 
obtained  by  Berthelot  by  the  actioQ  of  sodium  on  aUyl  iodide.* 
Wurtz  recommends  instead  of  sodium  an  alloy  of  this  with  t^vice 
its  weight  of  tin.'  It  may  be  more  simply  prepared  by  hringing 
allyl  iodide  in  contact  with  zinc,  and  a  little  ethyl  formate.®  It 
is  also  easily  formed  when  mercury  allyl  iodide  is  subjected  to 

1  Ber.  IkulKk.  Chefn.  Get.  x,  1904  und  2057, 
'  Ann^  Cltem.  Pharm,  cxxxy,  126* 
"  Heboal  and  Truchftt,  ih.  cxliv,  24*^. 

*  Hecht,  BtT,  IhxUsch,  Cktm.  Ges,  li.  1050. 

*  Si.'hnrlimimer,  Jauni.  Chfm.  Soc,  xix  S56. 

*  Ann.  Ckim.  Phya.  [3]  xliriii  294. 
'  lb.  [4]  ill.  129, 
"  Sorokin^  Ber.  I>euUch.  C%m.  Ou.  xu.  383. 
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dry  distillation,^  or  better  when  tbis  latter  is  decomposed  witb 

putassium  cyanide  and  the  diallyl  then  distilled  oflF.* 


-^3*^6^ 


+  2KCN  =  C.Hi,  +  Hg  +  Hg(CN),  +  2KL 

Diallyl  is  a  mobile  liquid  p:)ssessing  a  penetrating  ethereal  and 
alliaceous  smell.  It  boils  at  oD*',  and  at  XT'  has  a  specific 
gravity  of  0*6872,  whilst  that  of  its  vapour  is  2*92.  By  oxida- 
tion with  acidified  potassium  permanganate  solution,  it  yields 
succinic  acid  as  chief  product,^  as  might  be  indeed  expected  from 
its  constitution.  Concentrated  sulphuric  acid  acts  powerfully  on 
diallyl,  polymeric  hydrocarbons  of  the  formula  CnH^n-*  being 
formed^  together  with  tarry  products.  These  hydrocarbons 
are  obtained  in  larger  quantity  if  the  diallyl  be  first  diluted  with 
petroleum  spirit.*  Similar  hydrocarbons  are  produced  when  sul- 
phuric acid  acts  on  coal-tar  naphtha  obtained  from  cannel  coal, 
the  products  having  also  the  formula  CnH2n-4** 

MonoMorhexint,  C^HgCl,  is  formed  together  with  the  di- 
chloride,  C^jH^^jClj,,  by  the  action  of  phosphorus  pentachloride 
on  allyl  acetone"  CH^.C0.CH,.CH/:^H=CH2,  which  is  a 
product  of  decomposition  of  ethyl  allyl  acetacetate  (p,  412). 
Monochlorhexine  boils  at  about  120"  and  it  ia  transformed 
when  heated  with  alcoholic  potash  into  diallyhne  or  hexove 
CH^aCH,.CH,.CH=CH,,  a  liquid  which  boils  at  78^  and 
yields  a  white  silver,  and  a  yellow  cuprous,  compound,*^ 

Hexing  Tetrahrornide,  C^Hj^jBr^,  crystallizes  from  ether  in  four- 
liided  prisms  which  have  a  camphor-like  smell,  melt  at  63"*,'  and 
volatilize  without  decomposition.  By  the  action  of  sodium  it 
is  converted  again  into  diallyl  (Bertholot  and  De  Luca).  When 
it  is  distilled  over  solid  caustic  potash,  dibromhexinc,  C^HgBrg,  is 
formed,  a  liquid  possessing  a  peculiar  smell  and  a  bitter  pungent 
taste,  and  boiling  at  205""' — 21if?  This  unites  with  bromine, 
yielding  dibromkcxine  tetrabro77iidc,  C^HgEr^,  a  compound 
crystallizing  from  alcohol  in  pearly  glistening  tablets,  which 
melt  at  76—77'. 

If  dibrombexine  be  heated  with  a  solution  of  caustic  potash 
in  absolute  alcohol,  di^ropinyl  or  dipropargyl^  C^H^*  is  formed,  a 

1  Lmnemjinnt  Ann.  Chtm.  Phnrm,  cxl.  ISO* 
^  0[vfH'nheini,  Btr,  Lhutscli,  Chem,  Oe*.  iv,  672. 

■  Sorokiii,  B<r^  Dtutsch,  Chf/m.    Gt4.  xii.  2095. 
*  Jekyll.  Chmv,  Nem.  rxii.  221* 

'  Sdiorlemmen  Jmirn,  Ckmu  S&e,  xix,  S56, 

■  Heury.  Jahrc^k  1878,  37d. 

^  ToUcuB  und  Wagner,  Br^r.  Dntt^h,  Ch*m,  Ou*  ri.  B89, 
'  Hiiory,  jQiirn,  FrakL  Chem,  [2]  viii,  67. 
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mobile  highly  refractive  liquid,  which  has  a  penetrating  cmIoult, 
and  boils  at  about  85°.  It  combines  energetically  with  bromine, 
yielding  the  tetrabromide  C^H^jBr^,  a  thick  viscous  hqnid,  which 
combines  with  more  bromine,  slowly  in  the  cold  and  quickly  on 
heating,  forming  dijyi^ojnnyl  octc^romide^  CgHgBtg,  a  compound 
possessing  a  weak  camphor-like  smell,  melting  at  HO"* — 141°, 
and  crystallizing  from  carbon  disulpbiJe  in  hani  triclinic  prisms 
or  tables. 

Siktr  DipTopinyl,  C(jH^Ag2+ SH^O,  is  formed  as  a  white 
amorplious  precipitate,  which  in  the  dry  state  detonates  when 
heated  to  100", 

Cwpraus  Dipr&pinyl,  C^H^Cua  H- 2H2O,  is  a  yellow  coloured 
explosive  precipitate  which  when  ignited  burns  with  a  green 
flame,  evolving  showers  of  sparks. 

Dipropinyl  contains  two  atoms  of  hydrogen,  capable,  it  will 
be  seen,  of  replacement  by  metals,  and  has  accordingly  the 
following  constitution '} 

CHSaCH3,CH2.C=CH. 

Sexine  Tdra-wdide^  C(,HjqI^  is  proilnced  when  diallyl  is  gently 
heated  with  iodine.  It  forms  colourless  crystals,  which,  how- 
ever, soon  become  coloured,  melts  above  100'^,  and  has  an 
odour  resembling  that  of  ethylene  iodide  (Berthelot  and  Be 
Luca). 

Hexine  TeiranUrate,  Cq13^J[^0^)^  separates  out  in  white 
crystals  when  nitrogen  tetroxide  is  slowly  passed  into  a  mixture 
of  diallyl  and  absolute  ether  cooled  by  a  mixture  of  ice  and 
salt,* 

Diallyl  also  combines  readily  with  the  hydracids.  By  union 
with  two  molecules  of  the  bydracid,  pseudohexylene  compounds 
axe  formed,  whilst  when  diallyl  combines  with  only  one 
molecule  compounds  of  methylisocrotyl  are  produced. 


Pseudohexylene  Compounds, 

795  PseiidohewyleTit  Chhride,  C^Hj^Clg*  This  compound,  also 
known  as  diallyl  di hydrochloride,  is  formed,  together  with  the 
monohydrochloride  or  methyl-isocrotyl  chloride,  when  diallyl  is 

^  Henry,  Bcr,  TktUMk,  Chem,  Gea,  tL  966  j  vii.  21^ 
»  Heary,  ih.  ii.  278. 
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heated  for  some  hours  to  100*  with  fuming  hydrochloric  acid. 
It  ia  an  oily  liquid  hoihng  hetween  170^  and  ISO"*.^ 

Faeudoh^xylene  loflide,  C^Hj^^L^,  is  obtained  in  a  corresponding 
way  to  the  chloride,  and  ia  a  heavy  liquid,  which  decomposes  on 
heating.  When  brought  in  contact  with  silver  acetate  suspended 
in  ether,  pmitdohixylcne  diacctate,  0^^^{Cfifi^^f  is  formed, 
a  thick,  aromatic-smelling  liquid  which  bjils  at  225'' — 230*.  At 
the  same  time  the  monacekUc,  C^Hi3(OH)CjHjOj»  is  formed,  and 
this  boils  at  210^ 

Pseudokexykiie  Glycol,  CgH^g(OH)j,  is  obtainetl  by  decomposing 
the  above  mixture  of  acetates  with  potash.  It  forms  a  syrupy 
li<iuid,  which  is  soluble  in  water  and  boils  at  212** — 215" 
(Wurtz). 

Pseiulo}i4:xykn€  Oxide,  C^Hj.^0,  is  formed,  together  with  some 
methyl-isocrotyl  alcohol,  by  acting  with  silver  oxide  on  the 
iodide,  or  with  sulphuric  acid  on  diallyl,  diluted  with  petroleum 
ether  (p.  46G),  in  which  latter  case  it  is  dissolved  in  the  acid, 
together  with  polymerides  of  diallyl,  and  Is  separated  by  means 
of  water.  It  is  a  mobile  liqidd,  which  boils  at  93°,  and  has  a 
refreshing  peppermint-like  smell.  When  it  is  heated  with 
hydriodic  acid,  a  hexyl  iodide  is  formed,  which  boils  at  165'* — 
IGT**,  and  yields  normal  hexaneby  the  action  of  zinc  and  hydro- 
chloric acid. 

Pseadohtxykm  CMorh^drate,  CgHj2(0H)Cl,  is  a  heavy,  oily 
liquid  formed  by  the  union  of  diallyl  and  hypochlorous  acid 
(Henry). 


: 


MethyL'Isocrotyl  Compounds, 


796  McthyUhocTotyl  Chloride,  C^H^^Cl,  boils  at  ISO*— 140^ 
and  as  yet  has  not  been  obtained  pure. 

Mdhyl-Isocroiyl  Iodide^  C^^^J.,  is  formed  together  with 
pseudohexylene  iodide,  and  is  a  liquid  boiling  at  164'' — 166\ 

Ilclhyl-Isocrotyl  Morutceiate,  C(,Hji(CjH30g),  is  obtained 
together  with  the  tliacetate  described  above,  and  is  a  pleasantly- 
smelling  liquid  which  boils  at  IS-t"^ — 155", 

Mdhyl'Imcrotyl  Alwhol,  C^H^jOH,  is  obtained  by  the  decom- 
position of  the  acetate  with  caustic  potash,  and  is  a  pleaaantly- 


*  Wurti,  Jnn.  Chim*  Fhjfs^  [4],  ill  129. 
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smelling  liquid  which  boils  at  140^  and  at  0°  has  a  specific 
gravity  of  0*8604  (Wurtz).  As  has  already  been  stated,  this 
compound,  which  is  also  koownas  diallyl  hydrate,  is  umiuubtedly 
identical  with  tlie  alcohol  obtained  from  methyl*isocrotyl  ketone, 
which  has  already  been  described  (p.  412). 


HEPTINE  COMPOUNDS. 

797  Pentijl-Acetj/hiTie  or  Oenanthylidenf,  C^H^^CSCH,  was  first 
obtained  by  Lioipricht  from  oenanthol  (heptaldehyde),  and  is  an 
alliaceous  smelling  liquid,  which  boils  at  106° — 108^  and 
forms  a  lit|iiid  dibromide  and  tetrabromide,*  Its  silver  com- 
pound is  formed  as  a  white,  and  its  cuprous  compound  as  a 
yellow,  precipitate.^ 

Tdmmctkyl'IsoaUylem,  {QR^f^~C=^C{(m^^,  has  been  pre- 
pared  by  Henry  from  diisopropyl  ketone.  It  is  a  liquid  which 
boils  at  about  70'*,  yields  no  metallic  compounds,  and  has  a  very 
unpleasant  smell  ^ 

Mcthyl-Propjl-ImaUykiu,  CH^.CH=C=CH,C^Hy,  occurs  as 
one  of  the  constituents  of  resin  spirit,  and  is  a  liquid  boiling 
between  103""  and  104^  It  yields  a  volatile  tetrabromide,  and 
unites  with  water  to  form  the  glycol,  CH,,CH^C(OH).CH(OH) 
CgHy  -i-  HgOj  which  forms  brilliant  crystals,  and  loses  its  water 
at  100^  The  anhydrous  compound  melts  at  80°-5,  and  boils  at 
1D5°^6.  \^Tien  it  or  the  hydrocarbon  is  oxidized  with  nitric  acid, 
dinitroheptylene,  CyHjgfNOj)^,  is  formed,  together  with  carbon 
dioxide,  acetic  acid,  butyric  acid,  and  succinic  acid.  This  nitro- 
compound crystallizes  from  alcohol  in  glistening  tables  which 
melt  at  182^* 


'  RnbiPTi,  Ann.  Chr^iu  Phnrm,  cxlii.  294. 

^  nmylants,  Ber.  Deutsch.  Chem.  Gcs,  viii.  i09, 

•  Ikrl  Ikutsch,  Chfm.  Gcs,  viii.  100. 

*  Alorria,  Jmm.  Ch^m,  Soe,  1882,  L  187, 
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The  higher  homologues  of  this  series  have  been  but  little 
examined.     Of  these  the  following  are  known : 

B.P. 

1  CapryUdene  CgH,,  133'— 134° 

^  Rutylene            \  C  150** 

^  Dipropylbutine  r  Ci^Hg  -J                 « 
*^ecenylene       ) 

^  Nonyl-acetylene  G^^B.^  198**— 202' 

« Benylene  C^^R^  223^—228*' 

7  Cetenylene  C^^R^  280^—285** 

8  Eikosylene  C^^^  314'— 315° 

These  are  all  liquid  at  the  ordinary  temperature.  Besides 
the  above  a  number  of  other  hydrocarbons  are  known,  having  the 
general  formula  CnHj^ — 2,  but  belonging  to  other  series. 

^  Rubien,  Ann,  Chcm,  Pharm,  cxliL  299. 
'  Bauer,  ib.  czxzv.  S44. 

*  Kefonnatsky,  Joum,  PrakL  Chem.  [2],  xzvii  889. 

*  Reboul  and  Tnichot,  ib,  cxliv.  248. 

"  Giesecke,  Zeitsch.  Chem.  1870,  431 ;  Bniylants,  Ber,  DeuiseK,  Chem,  Ges. 
viii.  413. 

*  Bauer  and  Verson,  Ann,  Chem,  Pharm,  cxlvii.  262. 
'  Chydenius,  ib,  cxliii.  268. 

^  Lippmann  and  Uawiliczek,  £cr,  DcuUch,  Chem,  Ges,  zii.  69. 
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798  These  stand  in  the  same  relation  to  allylene,  as  the  allyl 
compounds  do  to  propylene.  They  contain  the  monovalent 
radical,  propmi/l,  CH^C — CHg — ,  in  which  one  of  the  atoms 
of  hydrogen  may  be  replaced  by  silver,  and  on  this  account 
Liebermaiin  has  given  to  it  the  name  of  pro^mrgyl} 

Fropmi/l  jikvJud,  CgH^-OH^  is  formed  by  heating  ^-bromallyl 
alcohol  with  caustic  potash  and  a  little  water.  The  liquid 
is  then  saturated  with  carbon  dioxide,  and,  after  the  addition 
of  some  water,  is  subjected  to  distillation.  The  alcohol  is 
separated  from  the  distillate  by  means  of  carbonate  of  potash 
and  is  then  dried  over  caustic  lime.^  It  is  a  liquid  possessing  a 
pleasant  smell,  builing  at  114*' — 150*,  and  having  a  specific  gravity 
of  0'9628  at  21°.  It  combines  with  hydrobroniic  acid  forming 
bromallyl  alcohol,  whilst  with  bromine  it  forms  dibromallyl  aJco- 
h()i  Withanimoniacal  silver  solution  it  gives  a  wliite  precipitate 
of  C3H2Ag(OH),  which  blackens  on  exposure  to  light,  and 
bums  expltjsively  when  gently  heated.  The  cuprous  compound, 
Cu3(CjH20H)2i  is  a  yellow  explosive  precipitate,  which  is  de- 
composed by  dilute  acids  with  re-formation  of  tlie  alcohol ;  on 
treatment  with  nitric  acid  it  takes  fire. 

When  the  alcohol  is  heated  with  caustic  potash  the  following 
reaction  takes  place: 

CH    C.CH^OH   4    HOK  -  CH    CH  -h  CHO.OK  -f  H^ 

Ethyl 'Propinyl  Ether,  CgHj^.O.CgH^,  was  prepared  by  Lieber- 
mann'*  by  boiling  tribromhydrin  or  brompropylene  bromide 
with  alcohoUc  potash  solution.     It  may  also  be  prepared  in  the 


*  Ann,  Chrm.  PImrm,  cxxxr.  278* 

*  Heiury,  Jicr,  DtuUcJ^.  Chern,  Ges.  r.  569 ;  Ti,  728. 
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same  way  I'roia  triclilorhydrin,^  chlorpropylene  bromide,  chlar- 
dibromhydrhi,^  epicbJorhydriB,  allylene  dibromide,^  or  etbyl- 
dibromallyl  ether."*  It  is  a  liquid  wliidj  possesses  a  pcDetrating 
smell,  boils  at  80^  and  at  7"  lias  a  specific  gravity  of  0  83. 

Wlien  concentrated  silver  nitrate  solution  is  added  to 
a  solution  of  tliis  ether  in  alcohol,  a  crystalline  precipitate  is 
formed  of  (CjiH^AgOO^HO^AgNOg,  and  this  is  transformed  by 
ammonia  into  the  amorphous  compound  CjHjjAgOCHg.  An 
ammoniacal  solution  of  silver  chloride  forma,  with  the  ether^  the 
compound  (C^HgAgOCgHJ^AgCl,  a  white  curdy  precipitate, 
whilst  the  cuprous  compound  is  yellow  and  amorphous. 

If  the  amorphous  silver  compound  bo  treated  with  a 
solution  of  iodine  in  potassium  iotlide,  tihyl-wdproinnyl  ether, 
Ofi^SyX^.^.^,  is  formed,  an  oily  liquid  having  an  unpleasant 
smell ;  it  solidifies  on  coohng,  and  combines  with  one  molecule 
of  bromine  or  iodine,  forming  oily  compounds. 

Exactly  as  allylene  unites  with  water  in  the  presence  uf 
mercury  bromide  to  form  acetone,  so  ethyl-propinyl  ether 
combines  with  water  yielding  the  ether  CH^.CO.CH^^OCgH^ 
which  is  a  liquid  boiling  at  128**,  and  possessing  a  pecuUar 
smell  and  burning  taste.  The  corresponding  pyruryl  alcohol, 
CH3.CO.CHgOH,  which  stands  in  the  same  relation  to  pyrora- 
cemic  acid  as  alcohol  does  t^o  acetic  acid,  is  obtained  by  a  similar 
reaction  from  propinyl  olcoljol,  but  it  has  not  been  more  closely 
examined,* 

Propimjl  Chloride,  C3H3CI,  is  formed  by  the  action  of  phos- 
phorus trichloride  on  the  alcohol,  and  is  a  very  mobile  liquid, 
which  has  an  unpleasant  smell.  It  boils  at  65",  and  at  5*  baa 
a  specific  gravity  of  1 '0454,® 

Fropinyl  Bromide,  C^H^Br,  is  prepared  from  the  alcohol  and 
phosphorus  tribromide.  It  boils  at  88*" — 90"*.  and  has  at  H**  a 
specific  gravity  of  1*50.  A  certain  quantity  of  the  additive 
product,  C3H^Br2.  is  always  formed  together  wiih  tlie  bromide. 
Propinyl  bromide  unites  with  bromine  to  form  the  liquid  products 
C3HjBr3  and  CgHaBr,/ 

Ftopinyl  Iodide,  CgH^I,  crystallizes  from  alcohol  in  fine,  in- 


'  Rieyer,  Ann,  Chem.  Plwrm  cxxiviiL  ID 6. 

*  Oppnmht'im,  ih.  Suppl.  vL  372. 

'  LiebermaDii  and  Kretw^hmer,  ih.  clviii.  230. 

*  He  Dry,  Ber,  Deuisch.  Chem.  Oca,  v.  274. 

*  Henry,  Compi,  Eend.  xciii.  421. 

*  Henry,  Ber,  DeutMh.  Chem,  fi^.  riii.  808, 
'  Ik  Yh  728;  vil  761. 
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terlaced  needles,  which  turn  brown  in  the  light,  melt  at  48'' — 49*, 
[id  decompose  when  more  strongly  heated.^ 

Propinyl  Acetate,  CyH^  (OCjHjjO),  is  formed  hy  the  action  of 
acetyl  chloride  on  the  alcohol,  and  is  a  somewhat  unpleasantly 
smeUing  liquid,  wliich  boils  at  124°— 125°,  and  at  12°  has  a 
specific  gravity  of  rOQ31.^  In  presence  of  mercury  bromide 
it  readily  combines  with  water,  fonning  pt/rmti/l  acetate^ 
CH^.C0.CH2.0.CgH^0,  a  compound  which  is  also  formed  by 
heating  monochloracetone  with  potassium  acetate ;  it  is  a  liquid 
boiling  at  about  175"*  and  possessing  a  refreshing  smelL^ 

It  is  remarkable  that  wliilst  the  allyl  compounds  boil  at  the 
same  temperature  as  the  corresponding  propyl  compounds^  and 
therefore,  the  loss  of  two  atoms  of  hydrogen  has  no  influence 
on  the  volatility,  a  further  separation  of  2  atoms  of  hydrogen 
raises  the  boiling-point,  inasoiuch  as  the  propinyl  compoundij 
boil  from  18**  to  20"  higher  than  the  corresponding  compounds 
of  the  two  other  series  (Henry). 

Propinyl  alcohol  is  the  only  primary  alcohol  of  this  series 
known.  One  secondary,  and  several  tertiary  alcohols,  have, 
however,  been  prepared. 

799  DmUyl  Carhiml,  (C^HJ^CH.OR  For  the  preparation  of 
this,  a  mixture  of  one  volume  of  ethyl  formate  and  two  volumes 
.  of  ally!  iodide  is  atlded  to  an  excess  of  zinc,  when  a  brisk  reaction 
Bets  in.  The  product  is  aUowed  to  stand  overnight,  and  then 
a  large  quantity  of  water  is  added,  which  acts  quietly  upon  it 
and  hardly  causes  any  evolution  of  gas.  Tlie  alcohol  is  then 
obtained  by  distillation  and  is  dried  over  potassium  carbonate. 
The  formation  of  the  diallyl  carbinol  doubtless  takes  place  by 
the  following  reactions.  Allyl  zinc  iodide  is  first  formed,  and 
this  unites  with  the  ethyl  formate : 

COH(OC,HJ  +  2C,H,ZnI  =  Zn(OC,H,)I  +  C(C3H,)2H.OZnI. 

And  the  latter  compound  is  decomposed  by  water  thus : 

CCC^HJ^H.OZuI  +  H,0  =  CCC3H,)2H.OH  +  Zn  (OH)I. 

Diallyl  carbinol  is  an  aromatic  smelling  liquid  which  boils  at 
151°,  and  at  0"  has  a  specific  gravity  of  0"8758.^  Phosphonis 
pentachloride  transforms  it  into  the  chloride  CyH,jC],  whicli 
smells  uf  turpentine, and  bods,  with  decomposition^  at  144*".    On 

'  B€r,  Dtutjich,  Chem,  Qea,  ▼iii,  898. 

*  Jb.  tL  729.  *  I^}.  V.  966 ;  xiv.  227?, 

^  M.  Saytzew,  Ann,  Ckem,  Pharm^  eVnacr*  129 ;  KanQDikow  and  A.  Sajtzeu, 
ih.  cLcxxT.  148. 


treatment  with  alcoholic  potash  this  yields  heptone,  C^Hj^j,  a  liquid 
which  smells  like  petroleum,  boils  at  11 5°,  and  unites  with  bromine 
forming  an  oily  hcxbromide, 

MethjilDiailyl  Carhinol,  {O^B.^f^{QR^)Qn,  is  prepared  from 
ethyl  acetate,  allyliodidt3  and  zinc,  and  is  a  peculiarly  smelling 
liquid,  Vkhich  buils  at  ISS''^,  and  has  at  (f  a  specific  gravity  of 
0*8638.  Potassium  permanganate  oxidizes  it  to  carbon  dioxide 
and  ^-methyl-oxyglutaric  acid  :  ^ 

/CH^-CH^CH^  /CH,.CO,H 

CH,.C(OH)  +  50g    ^    CH3.C(0H) 

'  \CH,.CH=:CH,  XCH^CO^H 


+ 


2C0, 


2H,0. 


Homologues  of  this  tertitiry  alcohol  are  obtained  when  the 
ethyl  salts  of  other  fatty  acids  are  subjected  to  the  above 
reaction.     Up  to  the  present  the  following  have  been  prepared  : 

B.P. 

2  Ethyl  diallyl  carbinol,         (C,H,),C(C,H,)OH  175°— 176" 

» Prupyl  diallyl  carbinol,        (C^^HJ^CCC^HyjOH  194" 

*  Isopropyl  diallyl  carbmol,   (C3HJ^C[CH(CH3)JOH.  182''.18a'* 

On  oxidation  with  potassium  permanganate  these  are  split  up 
in  a  manner  analogous  to  methyl  diallyl  carbinoL 


ACIDS  OF  THE  SERIES  Ci,Ho„-A. 

800  Propiolic  Acid,  or  Propargylic  Add,  CaH^O^.  Wlien  either 
dibromsuccinic  acid  or  isodihromsuccinic  acid  is  decomposed 
with  an  excess  of  alcohohc  potash,  acetylene  dicarhorylic  acid^ 
0^(00211)2,  is  produced  ;  tliig  forms  long  crystals  which  contain 
two  molecules  of  water  and  effloresce  in  the  air.^  It  combines 
with  nascent  hydrogen  furming  succinic  acid,  and  with  bromine, 
yielding  dibrum-iu marie  acid.**  Wlien  the  aqueous  solution  of 
this  acid  is  gently  heated^  carbon  dioxide  is  evolved,  and  propiolic 
acid  is  produced : 

co^iic^ccoji  =  CO2  +  HCHc.co,a 

1  SaroTciii.  Lkh.  Ann,  olxxrv.  160  ;  Jounu  Eum,  Chcm,  Ge»^  ix,  12;  n.  SS8. 

*  Smireiiakv^  Jouni.  Jiu^.  Chtm.  Om.  xii.  i88. 

*  F.  and  A.'  Saytjcew,  Lich,  Ann.  cieiii.  S62, 
^  Rjnbiiiiri  imJ  A*  Saytzi'w,  ih.  cxcrii.  7tl, 

*  BiUikowsky,  Bcr.  Jkut^dt,  Chcnu  Gat.  x.  838,  ■  lb,  xii  2212. 
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On  evaporating  the  solution  this  acid  remains  as  a  crystalline 
mass  which  melts  at  154^ 

Fotassiuni  Frajnolatc,  C^HKO^h  is  formed  when  the  soktion 
of  acid  potassium  acetylene  dicarboxylate  is  heated.  It  crystallizes 
in  glistening  hexagonal  prisms  which  detonate  when  heated 
to  105^  Its  aqueous  solution  yields  a  glistening  crystalline 
precipitate  with  ammoniacal  silver  nitrate,  whilst  the  precipitate 
produced  by  amnioniacid  cuproiis  chloride  has  a  siskin-green 
coloun  Both  compounds  decompose  with  explosion  when 
heated,^ 

TclroHc  Acid,  C^H^O.,,  was  obtained  by  Geuther  by  boiling 
/3-chlorcrotonic  acid  with  potash  solution  :  ^ 

CH3.CCl~CH.CO2H    =    CH^.C=CC02H    +    HCL 

The  sodium  salt  is  formed  by  the  direct  union  of  sodium 
allylide  and  carbon  dioxide.^ 

For  the  preparation  of  the  acid,  use  is  made  of  the  mixture 
of  the  two  ethyl  chlorcrotonates  obtaitied  by  the  action  of 
phosphorus  pentachloride  on  ethyl  acetacetate  (p,  406),  since,  as 
Geuther  has  pointed  out,  the  chlorisocrotonic  acid  is  not  attacked 
by  boiling  potash/ 

Tetrolic  acid  dissolves  readily  in  water,  alcohol  and  ether,  and 
crystallizes  in  well -formed  broad  tables,  which  melt  at  76°'5. 
It  boils  at  203''.  and  at  a  few  degrees  above  this  decomposes 
into  carbon  dioxide  and  allylene.  It  is  not  volatile  in  a  current 
of  aqueous  vapour^  Its  silver  salt  decomposer,  even  in  tbe  cold, 
into  silver*allylide  and  carbon  dioxide, 

801  Sof'lic  Acid,  CgH^Og.  When  the  juice  wiiich  has  been 
partially  saturated  with  lime  in  the  preparation  of  malic  acid  from 
mountain*asb  berries  is  evaporated,  it  gives  otf  a  peculiar  pene- 
trating odour,  G.  Merck  found  that  this  is  due  to  the  presence  of 
an  oily  liquid,  which  he  termed  ''mountain-ash  oil,*'  and  Hofmann 
examined  this  product  more  closely.  When  freshly  distilled  it  is 
a  bright  colourless  liquid,  possessing  a  faintly  aromatic  odour. 
The  vapour,  however,  when  concentrated  has  a  repulsive  odour, 
and  when  inhaled  causes  stupefaction.  It  acts  like  a  weak  acid, 
but  when  heated  with  c^mstic  potash,  it  passes  into  a  crj'stalline 
well-defined  acid  of  the  same  composition.  This  is  also  formed 
by  boiling  the  oil  with  strong  hydrochloric  acid,  or  heating  it 

1  Ber,  Deutat^,  Chrm,  Ofji,  xuL  23i0. 

•  ZeitMCh,  Chcm.  1871.  246, 

■  La  perm  ark,  Jmirti,  livm,  Chem,  Oes.  xfl.  200. 
^  EiOiIbatim,  Bcr,  I/^uUch,  Chem,  Ges,  xlL  2d37. 
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gently  with  concentrated  sulphuric  acid.  To  this  latter  add 
Hofinann  has  given  the  name  ofsorHc  acid,  whilst  he  distinguiBhes 
the  oil  a^  parasorhic  acid} 

According  to  Fittig  and  Barringer,  the  oily  product  is  merely 
impure  sorbic  acirl,  and  the  admixture  is  removed  by  the  treatment 
with  alkalis  or  acids.^ 

Sorbic  acid  is  scarcely  soluble  in  cold,  and  only  moderately 
soluble  in  hot  water,  but  dissolves  easily  in  alcohol  and  ether. 
It  crystallizes  from  boiling  dilute  alcohol  in  long  needles,  which 
melt  at  134*''5,  and  boils  at  228°,  but  decomposition  then  take^ 
place,  an  odour  like  that  of  acrolein  being  given  off,  and  a 
resinous  mass  remaining  behind.  Sorbic  acid  combines  with 
nascent  hydrogen  forming  hydrosorbic  acid  (p.  414).  It  also 
unites  with  either  one  or  two  molecules  of  bromine.  Combined 
mth  hydrobromic  acid  it  forms  dibromcaproic  acid,  whilst  with 
hydriodic  acid  it  forms  monioclcaproic  acid. 

^  Dial hjl- Acetic  Acid.  (CgHJ.^CH.CO^H,  is  obtained  from  ethyl 
diallyl-acetacetate,  a  peculiarly  smelling  oily  liquid,  which  boils  at 
239**— 241",  and  is  decomposed  by  potash  solution  jrieldingrftaZ/yi 
dcetone,  CH3.CO.CH(CyHg)2,  boiling  at  174' — 175^  and  possessing 
an  unpleasant  smell,  together  with  diallyl  acetic  acid.^  This 
latter  ia  an  oily,  strongly  acid,  uni>leasantly  smelling  Hquid, 
which  boils  at  221* — 222"*^  and  is  oxidized  by  nitric  acid  to 
tricarballylic  acid. 

Diallyl-acetic  acid  is  also  formed  by  heating  diallyl'inalonic 
acid,  (C^HJ^CCCOgH)^,  a  compound  which  crystallizes  in  long 
prisms,  and  melts  at  l»33^"* 

Diallyl-0.vyacdic  Acid,  {Q^B.^)fi{OB)QA'yM.  This  compound, 
known  as  diullyl-oxalic  add,  is  obtained  by  the  action  of  zinc 
and  allyl  iodide  on  ethyl  oxalate.  It  crystallizes  in  needles,  which 
melt  at  48' 'S.* 


8o2  Stcarolcic  Add, 


CigHg 


,0g,   is  formed   by   the   action   of 


alcoholic  potash  on  dihromstearic  acid  obtained  from  oleic  or 
elaidic  acid.  It  crystallizes  from  alcohol  in  long  prisms  w^hich 
melt  at  48"^,  and  distil  at  a  higher  temperature  almost  w^ithout 
decomposition.  It  combines  with  a  molecule  of  bromine  yielding 
liquid   dibromoleic  acid,  and  this  by  a  further  assumption  of 


^  Ann,  Chem,  Pharm.  ex,  129, 
3  Ann,  Chfm,  Fharm,  elxi.  325. 

•  Wolff*  Ann.  Chem.  Ph^rm,  cci.  49  ;  Reboul,  BuJL  Soc.  Chim.  xxix.  228» 

•  Con  rati  RTid  nUchoff,  Jan.  Chcm,  Phann.  ceiv.  170* 

•  H.  Saytztiw,  ik  clxxiv.  183. 
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bromine  passes  into  ietrahrofiistmric  acid,  C^^Yi^Jlvfi^,  crystal- 
lizing in  large  plates  which  melt  at  about  70^ 

Nitric  acid  oxidizes  stearoleic  acid  to  stcaroxylic  acid,  C^gH^gO^, 
which  crystallines  from  alcohol  in  small  glistening  plates,  and 
melts  at  86**.  At  the  same  time  azelaic  acid  and  its  aldehyde 
are  also  formed.^  Limpach  was  nnable  to  obtain  the  last-named 
compound,  but  fonnd,  in  addition  to  the  two  acids  named,  also 
pelargonic  acid  and  nitric-oxide-pelargomc  acid  (Part  I.,  pp. 
600,  601).- 

If  stearoleic  acid  bo  fused  with  potash  at  a  low  temperature, 
an  acid  is  formed  which  is  either  h}^og8Daic  aciJ,  CigH^^jO^,  or  an 
isomeride  of  this  ;  at  a  higher  temijcrature  myristic  acid,  Ci^HjgOj, 
is  formed,^ 

The  homoL>gue3  of  oleic  and  elEiiJicacid,  mayjike  these  acids 
themselves,  be  converted  into  acids  containing  less  hydrogen, 
and  these  latter  are  also  formed  from  the  doubly  substituted 
fatty  acids.  In  their  chemical  relations  these  clusely  resemble 
stearoleic  acid. 

The  following  acids  of  this  series  have  been  prepared  : 

M.P. 


*  Undecolic  acid 

*^ul^is^2 

Small  plates. 

59°5 

^  Myristolic  acid 

Cj^H^^O^ 

— 

12*                   ^ 

^  Paliriitulic  acid, 

CieHasOi 

Needles, 

42^ 

^  Behenolic  acid. 

CjjH^Oj 

Needles* 

other  drying  oils  (jj.  478).  Sacc  was  the  first  to  point  out  that 
this  acid  differs  from  the  oleic  acid  contained  in  uther  oils  and 
fats,  but  he  did  not  succeed  in  obtaining  it  in  the  pure  state.® 
It  was  then  subjected  to  a  more  careful  examination  by  Schuler 
who  saponified  linseed  oil  with  soda  solution,  and  precipitated 
the  soap  with  calcium  chloride.  From  the  well- washed  precipitate 
the  calcium  liiioleate  was  dissolved  by  ether.  The  ethereal 
solution  was  then  decern jx^sed  by  means  of  hydrochloric  acid,  and 
the  ether  rem«wed  in  a  current  of  hydrogen.  The  residual  acid 
had  a  dark  yellow  colour,  antl  for  the  purpose  of  purification  was 
dissolved  in  alcohol,  the  sulution  saturated  with  ammonia,  and 
then  preciiufated  by  barium  chloride.  The  barium  linoleate 
thus  obtained  was  re-crystallized  from  ether,  and  then  converted 

'  Oreriieclc,  Jnru  Chem.  Phami.  cxL  39.  '  Jh.  cxc.  297. 

«  Mansae,  Der.  D<^ulseh,  Chem,  Oe*.  ii.  350.  *  Kraft,  ib.  M.  1414, 

•  Masiiio,  Jnn.  tVw^n,  Phantu  ceii.  175.  *  Scbr6<1er,  ih.  t%\\\\   27, 

^  HftUs'ikiiKL'ht,  ih.  cxliii,  41.  •  Ann,  Cfum.  Phurm.  Vi  221, 
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into  tbe  acid  by  a  treatment  corresponding  to  that  described  for 
the  calcium  salt,* 

Linoleic  acid  is  a  thin  oily  liquid,  which  has  a  faint  yellow 
colour,  and  refracts  light  powerfully*  It  remains  liquid  at 
— 18*,  and  at  14**  has  a  specific  gravity  of  0'9206.  It  possesses 
a  faintly  acid  reaction,  and  its  taste  is  at  first  pleasant,  but 
afterwards  harsh.  When  treated  with  nitrous  acid,  it  does  not 
yield  a  solid  product.  Schiiler  obtained  on  analysis  numbers 
corresponding  to  the  formula  given  above,  and  his  results  were 
confirmed  by  Mulder.  According  to  Stissengiith.*  its  formula  is 
Ci^jHjjjOj,  whilst  Oudernans  obtained  by  Schiiler's  method  an 
acid  from  poppy  oil  which  had  the  same  composition  as  that  got 
from  linseed  oiL^ 

Linoleic  acid  is  oxidized  to  suberic  acid  by  means  of  nitric 

acid  (Sacc).     When  exposed  to  the  air  it  absorbs  oxygen,  and  is 

finally  transformed  into  Hno^%C^Jl^Oii,a,  neutral,  amorphous, 

.  elastic  mass,  which  is  insoluble  in  alcohol  and  ether,  but  swells 

up  and  dissolves  iu  a  mixture  of  alcohol  and  chloroform.* 

Tlie  salts  of  linoleic  acid,  which  are  unstable  and  oxidize 
easily,  have  been  but  little  examined. 

Jilwomarjaric  Acid^  ^u^'s^Pr  '^^^^^  ^^^^»  together  with  its 
isomeride,  elreolic  acid,  occurs  as  glyccride  in  the  oil  from  the 
seeds  of  EltTococca  Vtmicia,  It  forms  rhombic  tables  which 
melt  at  48°,  and  absorbs  oxygen  from  the  air  and  becomes 
resinous.  Its  alcoliolic  solution  deposits  on  exposure  to  light, 
the  isomeric  compound,  Efcvodearic  acid,  melting  at  71  ^  Both 
these  acids  when  heated  in  an  atmosphere  of  hydrogen  to 
175^—180''  are  transformed  into  Uquid  elwolic  acid? 


DRYING  OILS. 

®03  Linseed  Oil  is  obtained  in  large  quantities  from  the  seed  of 
flax  (Linum  nsUaHmmnm),  especially  in  England,  Holland,  and 
Russia.  It  has  a  peculiar  smell  and  taste,  and  contains  about 
eighty  per  cent,  of  trilinolein,  together  with  triolein,  trimyristin, 
and  tripalmitin  (Mulder). 


1  Ann.  Chsm,  Pharm.  cl  252.  '  ^df^k.  Chtm.  1865,  563. 

»  Jahresb.  U58,  304.  -*  3!uiat?r.  \K  1858,  828. 

•  CloSr,  Bull.  Sue,  Chim.  [2],  xxvL  286 ;  xxviil  24  ;  Jahrab,  1878»  738. 
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WTaeii  a  thia  layer  of  the  oil  is  exposed  to  the  aiti  it  takes  up 
oxygen,  the  glyceriu  being  oxidized  tti  carhon  dioxide,  formic 
acid  and  acetic  acid,  and  finally  an  elastic  inai^a  rem^iins  behind 
which  is  a  mixture  of  linoxyn  with  the  fatty  acid,  and  oleic  acid, 
or  the  oxidation  products  of  these. 

When  hnseed  oil  is  boiled  in  presence  of  air,  it  forms  linseed 
oil  varnish,  which  dries  more  rapidly  than  the  unboiled  oil* 
According  to  Mulder,  a  portion  of  the  trilinoleui  is  thus 
decomposed,  and  the  linoleic  acid  passes  into  an  elastic 
caoutchouc-like  mass,  which  he  terms  linoleic  anhydride. 

By  continued  boiling  this  is  formed  in  large  riuantity,  and  a 
mass  is  obtained  which  may  be  drawn  out  into  Img  threads,  is 
very  sticky,  and  does  not  produce  a  fatty  stain  on  paper.  It  is 
used  in  the  manufacture  of  printers*  ink, 

Tlie  varnish  ordinarily  used  for  oil  colours  is  prepared  by 
boiling  linseed  oil  with  three  per  cent,  of  litharge  or  red  lead, 
when  the  abf>%'e  reaction  takes  place,  and  lead  linoleate  is  also 
formed,  which  adds  to  the  hardness  of  the  varnish. 

In  consequence  of  the  presence  of  lead,  such  varnish  darkens 
after  a  time  if  L^xposed  in  places  where  sulphuretted  hydrogen  is 
evolved.  To  avoid  this,  a  vamisli  free  from  lead  may  be  used, 
prepared  by  using  oxide  of  manganese.  The  borate  serves,  how- 
ever, better  than  the  oxide  for  thia  purpose.  If  100  parts  of 
linseed  oil  he  heated  with  1*5  parts  of  manganese  borate  for  a 
quarter  of  an  hour,  not  quite  to  the  boiling  point,  a  varnish  is 
obtained  which  dries  in  twenty- four  hours. 

Linseed  oil  is  also  largely  used  for  the  preparation  of  oil 
vaniishes,  which  are  very  durable,  and  are  httle  attacked  by 
heat  or  moisture.  Tliese  are  prepared  by  adding  boiled  linseed 
oil,  which  has  been  prepared  without  lead  oxide,  to  melted 
amber,  copal,  or  other  gum,  and  then  diluting  with  oil  of 
turpentine. 

The  sulphur  balsam  of  the  phannacopoeia  {Balmmum 
Svlphms  s.  Ohmn  Lini  sul/uratuvi),  is  prepared  by  b4:)iling  one 
part  of  flowers  of  sulphur  with  six  parts  of  linseed  oil,  until  it 
forms  a  reddish -brow^n,  tough,  very  unpleasantly  smelling  mass, 
whicli  is  soluble  in  oil  of  turpentine.  In  this  operation  a  large 
quantity  of  sulphuretted  hydrogen  is  given  off,  together  with 
other  volatile  products,  of  which  one  has  been  isolated  by 
Anderson,  and  termed  by  him  odmyL  This  is  a  mobile  re- 
fractive hquid,  which  contains  sulphur.  It  boils  at  about  71", 
and  possesses  an  unpleasant  alliaceous  smell^ 
^  Anr^  Chsm.  Pharm,  bdii.  370. 
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Poppy  Oil  is  obtained  from  the  seeds  of  the  poppy  {Papaver 
sornniferum).  It  has  a  pleasant  taste,  and  is  therefore  much 
used  in  some  countries  for  cooking  purposes.  It  is  also  used 
in  the  manufacture  of  curd  soap,  and  for  the  preparation  of 
artists*  colours.  It  contains  the  glycerides  of  linoleic  acid,  oleic 
acid»  lauric  acid,  myristic  acid,  palmitic  acid,  and  stearic  acid. 

Walnut  Oil  is  used  for  the  same  purpuses  as  poppy  oilj  from 
which  it  ditfcrs  by  containing  no  tripahnitin  or  tristearia. 

Hemp  Oil  is  obtained  in  large  quantity,  especially  in  Russia, 
from  the  seetl  of  hemp  {Cannalds  mtim).  It  has  a  greenish  or 
brownish-yellow  colour  and  smells  strongly  of  hemp.  It  is  used 
in  the  preparation  of  soft  soap  and  in  the  manufacture  of 
varnish  for  dark  culours. 

Bankmic  Oil  (Huile  de  Bancoul)  is  prepared  from  the  kernel 
of  the  nut  of  the  candleberry-tree  {Alcuriies  triloha),  which 
is  indigenous  to  the  Moluccas  and  the  South  Sea  Islanrls, 
but  is  now  cultivated  in  other  tropical  countries  for  the  sake  of 
its  nuts,  which  have  a  taste  similar  to  walnuts,  and  when  dried 
are  used  by  the  South  Sea  Islanders  instead  of  candles*  They 
yield  an  oil  which  senses  excellently  for  the  preparation  of 
oil  colours,  but  as  yet  it  has  come  but  little  iuto  European 
commerce. 

Chitiesc  Wood  Oil  is  obtained  by  pressure  from  the  seeds  of 
AlcuriteB  cordata  8,  Elmococca  Vemicia  whicli  is  indigenous 
to  China  and  Japan.  It  is  used  for  painting  ships,  for  the 
preparation  of  viiriiish,  and  also  in  medicine. 


COMPOUNDS  OF  TETRAD  ALCOHOL  RADICALS. 


Of  these  only  the  following  one  is  known  : 

804  £'ri^^/tri/ftr  C^H^/OH)^,  was  prepared  in  1848  by  Stenhouse 
from  several  kinds  of  lichen  and  termed  Eryikroglucin^  Fscttdorcin 
or  Erytkromannite^  Its  correct  formula  was  afterwards  deter- 
mined by  Strecker.*  Lamy  having  abont  the  same  time  de- 
scribed a  substance  to  which  he  gave  the  name  of  Phycitc,^ 
found  in  the  alga  Profococcm  xnilgaris,  frequently  covering  the 
stems  of  trees,  &c.,  and  closely  related  to  the  so-called  red 
snow  {P.nivalu),  R.  Wagner  suggested  that  phycite  is  identical 
with  erythrite,^  and  Lamy  afterwards  showed  that  this  is  the 
case.* 

The  lichens  from  which  erythrite  is  obtained  are  of  a  species 
of  orchella  weed  such  as  Roccdia.  These  are  used  in  the  pre- 
paration of  archil,  and  contain  eryihrln,  C^^^fl^^f  which  is  an 
orsetlinate  of  erytlmte^  and  is  decomposed  into  this  acid  and 
er)i.hrito  when  boiled  with  baryta-water  or  milk  of  lime  : 

(C,H,OJ,CA(OH),  +  2H,0  =  2C,H80,  +  C,H„(OH), 

For  the  preparation  of  er}"thrite,  B,  tindoria  or  R.fuciformu 
is  treated  with  dilute  milk  of  lime,  filtered,  and  the  solution 
precipitated  with  hydrochloric  acid.  The  precipitate  is  well 
washed  with  water,  and  then  boiled  ibr  several  hours  with  milk 
of  lime ;  it  is  then  filtered,  the  solution  concentrated,  and  the 
Uma  removed  by  carbon  dioxide.  The  solution  is  next 
evaporated  to  a  syrup,  mixed  with  sand,  and  treated  with  ether, 
in  order  to  remove  orcin,  C^HgOj,  which  is  a  product  of  decom- 
position of  orsellinic  acid,  The  erythrite  is  extracted  from  the 
residue  with  water  and  precipitate<l  from  the  concentrated  solu- 
tion by  the  addition  of  alcohol.     It  is  then  washed  witli  cold 


1  Phih  Tranji,  1848,  7*5 ;  ISin,  399. 
^  Attn,  Chim.  Phys^  [3],  xx%v,  138. 
■  Ann,  Ohim.  Phys.  [^J  li.  232, 


'  Ann.Chnn,  Pftann,  Jxviii,  111, 
*  Jtmrn^  Frakt.  Ohcm,  1x1.  I'io. 
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alcohol  and  recrystallized  from  its  hot  aqueous  sulution  after 
treatment  with  animal  charcoaL^ 

De  Lujnes  obtained  it  in  the  following  way  from  R,  MoiUagn^^ 
The  erythrin  prepared  from  the  lichen  is  heated  with  mfl^f 
of  lime  to  150*"  in  an  iron  vessel,  air  being  excluded.  The 
filtrate  freed  from  lime  is  concentrated  in  order  that  the  orcin 
may  crystallize  out,  and  a  mixture  of  orcin  and  erythrite  is 
obtained  from  the  mother-liquor,  these  being  then  separated  by 
means  of  ether.  The  residual  erythrite  is  dissolved  in  the 
smallest  possible  quantity  of  water  and  about  one-third  part  its 
volume  of  alcohol  added.  The  small  crystals  which  separate 
out  are  dissolved  in  water,  animal  charcoal  adtled,  the  liquid 
filtered,  and  the  hot  concentrated  solution  decomposed  by  adding 
one-fifth  part  its  volume  of  alcohol,  when,  on  cooling,  fine  large 
crystals  separate  out.- 

Orcin  and  erythrol  may  also  be  separated  by  means  of  boiling 
benzene,  in  which  the  last  named  is  insoluble.* 

Erythrol  dissolves  readily  in  water  and  crystallizes  in 
quadratic  prisms  which  have  a  sweet  and  cooling  taste.  It 
is  not  fermentable  by  yeast  and  does  not  reduce  copper  salts ;  it 
melts  at  120°  (Hesse)  and  volatilizes,  with  partial  decompo- 
sition, at  about  300^  When  heated  with  concentrated  hydri- 
odic  acid  it  ia  transformed  into  secondary  butyl  iodide  (Part  L 
p.  582),  whilst  when  heated  witli  concentrated  form^ic  add 
to  iSO"*  it  yields  hutine,  C^H^,  the  radiail  of  erythrite,  whilst  at 
the  same  time  huline  glycol,  C^H^(0H)2,  a  thick  liiiuid  boiling 
at  1  DO'— 200",  and  its  monoformin,  C,H^(OH}CHO.,  boiling 
at  about  190*,  are  also  formed.*  Phosphorus  pentachloride 
converts  erythrol  into  the  corresponding  chlori<le,  a  body 
already  described  as  butine  tetnichloridc.  When  a  solution 
of  erythrol  is  treated  with  platinum  black  and  allowed  to  stand 
in  contact  with  air,  cnjihritic  acid,  C^B.J[OK)fiO^H,  is  produced, 
and  tliis  forms  a  dt; liquescent  crystalline  mass.^  Dilute  nitric 
acid  oxidizes  orytlirite  to  oxalic  acid  and  an  inactive  tartaric  acid, 

805  Eriftkrol  Dichlorhydrin,  or  Bidine  DichlarhydraUi 
C^HgCU(0H)2,  is  formed  in  feathery  crystals  when  erythrite 
is  heated  in  a  current  of  hydrochloric  acid  to  120^ — 130^.*    It 

^  Hnfmann,  Bcr.  DeuUth,  Chcm.  O&t.  vii.  512, 
'  Ann.  Chivi.  Pfujs.  [4],  ii,  899. 

•  Stenbouac,  Jaum.  Chf-m,  SiK-  [2],  v.  222* 
^  Ht«miiiig**r,  Brr.  Dnif^^h,  Chcm^  Ga.  v.  1059. 

•  .^*11,  ZeiUch.  Chem,  1S66,  12. 

•  Pratibytek,  Ber.  BctUsch.  Chem,  Ge4,  xir,  2072. 
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is  also  produced  when  erythrite  is  heated  for  100  liours  to  100** 
with  ten  to  fifteen  times  the  quantity  of  furning  hydrochloric 
acid  (De  Luynes).  This  result  is  produced  more  quickly  if  a 
temperature  of  120® — 130"*  be  used  (Przibytek).  It  is  soluble 
in  water,  and  separates  from  ether  in  small  crystals  which  melt 
at  124^—125°. 

Erythrol  Dibromhydrin,  C^^^BT^(Oir)^,  is  obtained  when 
erythrite  is  heated  with  hydrobromic  acid  and  forms  crystals 
which  melt  at  130°  and  are  insoluble  in  water.^ 

Acid  Batine  Teirasulphate,  or  Erythrol  Tctrasulphuric  Acid, 
CgH^(SO^H)^,  is  produced  when  erythrol  is  dissolved  in  chlor- 
sulphonic  acid,  and  forms  a  heavy  white  mass  consisting  of 
small  prisms,  and  it  yields  also  crystalline  salts.' 

Butine  Tetranitraie,  or  Nitroerythrol,  C^H-(N03)^,  is  formed 
by  dissolving  erythrite  in  well-cooled,  concentrated  nitric  acid, 
and  then  precipitating  by  sulphuric  acid.  It  is  insoluble  in 
water,  but  crystallizes  from  alcohol  in  large  glistening  plates, 
which  melt  at  6F,  and  when  more  strongly  heated  inflame  and 
burn  rapidly  with  a  dull  flame.  The  compound  explodes  on 
percussion,  and  is  transformed  by  alcoholic  ammonium  sulphide 
into  erythrite  again.* 

When  erythrol  is  heated  with  organic  acids  the  ethereal  salts 
of  these  acids  are  obtained.  They  have,  however,  as  yet  not 
been  closely  examined.* 

^  Champion,  Compt.  Rend,  Ixxiii.  114. 

'  Claesson,  Journ,  Prakt.  Chem.  [2],  xx.  7. 

'  Stenhouse,  Ann.  Ckcm,  Pharm,  Ixxx.  225 ;  cxx.  302. 

*  Berthelot,  Chun,  org,  sur  les/oncUe  sur  la  Sj/nthcse,  ii.  224. 
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Ma^nitol,  or  Mankite,  C(,Hg(OH)g, 


806  The  compound,  formerly  known  as  ^nanna  sugar,  and  now 
also  ternaed  a-hexori:^  alcolwl,  was  discovered  in  manna  by  Proust 
in  1806.*  This  latter  consists  of  the  evaporated  sap  which 
exudes  from  various  speeiea  of  ash  (Fraxinus  ornns  and  rotumii* 
folia) f  some  of  which  are  cultivated  in  Southern  Europe  and 
in  Calabria  and  Sicily*  The  manna  which  the  Israelites  are 
said  to  have  used  as  bread  during  their  wauderinga  in  the 
wilderness  probably  exuded  from  the  branches  ot  the  Taviarix 
mannifcra,  which  contains  no  mannite  but  a  fermentable  sugar, 
whilst  that  which  fell  from  heaven  probably  was  the  edible 
lichen,  Spacrothallia  esaiknta,  which  grows  in  Asia  Minor,  Persia, 
North  Africa,  &c.,  is  carried  in  masses  before  the  wind  forming 
a  rain  of  mauna  (Luerssen).* 

Mannite  occurs  widely  distributed  in  the  vegetable  kingdom^ 
bemg  found  in  the  roots  of  celery,  in  monkshood  {Aconitum 
napdlm),  in  the  leaves  of  Syringa  nilgariSt  iu  the  oHve,  in 
the  bark  of  Canclla  alba,  in  the  sap  of  the  larch  {Pinus  Zarit), 
in  the  sugar-cane,  in  various  algce,  in  many  fungoid  growths,  &c. 
After  ini moderate  w ate r*dr inking  it  is  found  in  the  urine.  It  is 
alsoformeil  in  the  lactic  and  mucous  fermentations  of  sugar,  and 
it  may  be  obtained  from  the  isomeric  saccharoses,  dextrose  and 
hevulose,  CqHi^O^»  the  corresponding  aldehydes  (see  sugars,  &c). 
For  the  preparation  of  mannite,  manna  is  dissolved  in  half 
its  weight  of  boihug  water,  the  solution  clarified  with  white  of 
egg  and  filtered  boiling  hot.  The  manoite  which  crystallizes  aut 
is  separated  from  the  liquor  by  pressure,  and  recrystaUized  from 

*  Ann,  Chim.  Ixvii  143. 

*  B«;iJ«U'iii,  Org,  Chtm,  65^ 
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hot  water,  after  treatment  of  the  6olutioo  with  animal  chareoaL 
Mannite  may  also  be  extracteil  from  nianna  by  bt^nliog  dilute 
alcohol^  and  the  crystals  which  separate  on  cx>oliiig  are  then 
recrystallized  from  water  or  alcohol  A^qarkuM  imU^er,  a 
commonly-occurring  fungus,  may  also  be  Ui?ed  as  a  source  of 
mannite,  it  containing,  in  the  dry  state,  *»""^  nineteen  to 
twenty  per  cent,  of  this  subetance* 

Mannite  has  a  pleasant  sweet  taste,  and  dis^Ues  at  16'*j  in 
6  22  parts  of  water.  It  is  much  more  readily  soluble  in  boiling 
water,  and  crystalliies  in  small  rhombic  prisms.  It  is  much  less 
soluble  in  alcohol,  and  from  this  solution  separates  in  needles ; 
and  it  is  insoluble  in  ether.  It  melts  at  16ff',  and  on  prolonged 
fusion  partially  volatilizes.  The  aqueous  solution  is  optically  in- 
active, but  on  addition  of  borax  becomes  strongly  dextro-rotatory,*  * 
whilst  caustic  soda  imparts  to  it  a  kevo-rotatory  power.*  When 
heated  with  concentrated  hyJriodic  acid,  mannite  is  transformed 
into  secondary  hexyl  iodide  (Part  I. ,  p,  627). 

A  mixture  of  mannite  and  platinum  black,  moistened  with 
water,  oxidizes  in  the  air  forming  mannitic  add,  C^H^(OH)^COjH, 
a  gummy  mass,  and  its  aldehyde,  C^H^^Og,  which  belo»igs  to 
the  class  of  fermentable  sugars,  and  is  known  as  mannUostJ^ 
This  will  be  afterwards  described^  as  also  saccharic  acid, 
C4H^(OH}^(C02H)^  formed  by  the  oxidation  of  mannite  with 
nitric  acid. 

807  Mannitan,  C,jHj^,0^,  is  formed  when  mannite  is  heated  to 
200"  or  boiled  for  some  time  with  coocentrattd  Lytlrochloric  acid. 
It  is  a  syrupy  liquid  having  only  a  slightly  sweet  taste,  and  deli- 
quesces on  exposure*  It  has  a  feeble  dextro-rotatory  power,* 
and  on  long  boiling  partially  recombines  with  water,  forming 
mannite. 

If  mannite  be  heated  with  half  its  weight  of  sulphuric  acid  to 
120** — 125**  a  mannitane  is  produced  which  lias  strongly  dextro- 
rotatory power,  and  does  not  re-uoite  with  water  to  form 
mannite  (Vignon).  Both  modifications  dissolve  readily  in  cold 
alcohot 

When  the  mannitane  prepared  by  means  of  hydrochloric  acid 
is  exposed  for  some  months  in  a  dry  atmosphere,  it  deposits 


*  Vignon,  Jnn,  Chim.  Phys.  [5],  ii.  440. 

*  Muutx  and  Aubin,  ib.  [5],  x.  556, 

*  Gomp-Beaanez,  Jnn,  Chem^  Phann.  cxviii,  267. 

*  FkTtlielot,  Ann.  Chim.  Phtfs,  [3],  xlvii.  306, 
'  Bouclianiiit,  Aj^n,  Chim,  Phys,  [&],  vL  Wl, 


486 


COMPOUNDS  OF  HEXAD  ALCOHOL  KADICALa 


crystals  from  which  the  syrupy  mother-liquor  may  be 
separated  by  washing  with  absolute  alcohuL  Crystallized 
mannitane  consists  of  monocliiiic  tables  dissolving  readily  in 
water,  and  being  easily  transformed  into  mannite  on  boiling 
with  this  liquid. 

Ilaiinite  Dkhlorhi/drin,  or  a-IIcxont;  DichloThydride,  C^Hg 
(0H)^Cl2,  is  formed  when  mannite  is  heated  for  ten  to  fU'teen 
hours  at  100'*  with  fifteen  times  its  weight  of  aqueous  hydro- 
chloric  acid  which  has  been  saturated  at  \f.  The  solution  is  con- 
centrated over  sulphuric  acid  and  quicklime,  when  the  compound 
separates  out  very  slowly  in  monoclinic  crystals  which  melt  with 
decomposition  at  174"*  and  arc  lievo- rotatory. 


Mamiite  ]}U>ronihydrin,  C(jHg(OH)^Br^,  is  obtjuned  in  a 
similar  way  to  the  foregoing  compound,  and  closely  resembles 
it,  except  in  that  it  is  insoluble  in  cold  water,  and  melts  at 
178''  with  evolution  of  hydrobromic  acid. 

If  these  comi>ounds  be  boiled  with  water  they  are  converted 
into  the  mcmochlorht/drin,  C^H^0C1(0H)3,  and  iiwnoln-amhi/drin, 
CgHgOBr(011)3,  of  mannitan  respectively.  Both  are  crystalline, 
melt  below  lOO"',  and  dissolve  readily  in  water.  If  they  are 
boiled  for  a  longer  time  with  waterp  mannite  is  again  obtained 
(Bouchai'dat). 

Acid  Suij}hate$  of  Mannite,  When  mannite  is  dissolved  in 
concentrated  sulphuric  acid,  the  di&idpkah,  C^H^(0H)^(S0^H)2,^ 
and  the  trwuiphate,  CeHg{OH)jj(SO^H)^/  are  formed,  llieso 
form  readily  soluble  salts,  and  on  heating  with  water  arc 
decomposed,  yielding  mannite  again. 

Mannitt  Heaimidpkuric  Acid^  or  a-Hcjcoiic  HcxasuIphaU^ 
CgHg(S04H)(j,  is  obtained  by  dissolving  mannite  in  chlor- 
sulphonic  acid : 

C,Hg(OH),  +  eClSO^^OH  ^  CeHs(O.S02.0H)3  +  6HCL 

As  the  product  is  uncrystallizable  it  has  not  as  yet  been 
obtained  in  the  pure  state,  but  several  of  its  salts  have  been 
prepared.  Of  these  barium  kcxJicxone  mtlpJiote,  CgHg(SO JgBa3+ 
5HgO,  is  characteristic,  and  is  obtained  by  neutralizing  the 
freshly  prepared  aqueous  solution  of  the  acid  with  barium 
carbonate,  the  mix  tore  being  well  cooled  daring  the  operation. 
On  adding  absolute  alcoholto  the  solution  thus  obtained,  the  salt 
is  thrown  down  as  an  oily  liquid,  which  spontaneously  passes 


1  Fnvw,  Ann.  CJiim,  Pkyn.  p],  xl  77  ;  Bertbelot,  ih.  [S],  xlvii. 
'  Knop  and  Sclmedcrmjiuii,  Ann,  Cli^n^  PhwnfU  Ih  182, 
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into  a  crystalline  modification  wliich  is  completely  insoluble 
in  water  and  acids.  Similarly,  if  the  aqueous  solution  uf  tbe 
salt  be  evaporated  on  the  water-bath  the  insoluble  forms 
separate  out  in  crystalline  crusts.  The  free  acid  and  also  the 
S4jliitions  of  its  salts  aie  strongly  dextro-rotatory.  The  acid 
in  aqueous  solution  readily  changes  into  the  tetrasulphaie, 
C^Hy(0H)j(S04H)^,  which  has  a  weaker  dextro-rotatory  power 
and  tbrms  amorphous  salts.* 

808  NUrf>mamuk',  or  a-IIexone  HexnUraie,  C^H8(N0j,)g.  This 
conijwund  was  first  obtained  by  Flores  Domonte  and  Menard,* 
and  by  Sobrero,^  by  acting  on  mannite  \rith  a  mixture  of  con- 
centrated nitric  and  sulphuric  acids.  Its  correct  composition 
was  afterwards  established  by  Strecker,*  and  Knop  was  the  first 
to  put  forward  the  view  that  it  is  not  a  nitro-compuund,  but 
contains  nitric  acid.^ 

To  prepare  nitro-mannite  one  part  of  finely  powdered  mannite 
contained  in  a  mortar  is  treated,  in  small  quantities  at  a  time, 
with  five  parts  of  well-cooled  nitric  acid  of  sijceific  gravity  1*5, 
and  the  clear  solution  is  then  poured  into  a  vessel  kept  cold  by 
ice  or  snow,  and  ten  parts  of  conceotratod  sulphuric  acid  added, 
the  mixture  being  kept  well  stirred.  After  a  few  hours  the  curdy 
mass  which  is  formed  is  brought  on  to  an  asbestos  filter,  the 
liquid  filtered  off.  and  the  residue  well  rubbed  up  with  water 
until  it  has  only  a  weak  acid  taste.  The  product  is  then 
washed  with  hot  solution  of  carbonate  of  soda,  and  afterwards 
purified  by  recrystal ligation  from  hot  alcohol.* 

Nitro-maonite  crystallines  in  needles  which  melt  at  112° — 113^ 
and  on  carefully  raising  the  temperature  they  quietly  decom- 
pose. If,  however  it  be  thrown  on  to  glowing  charcoal  it 
ilertagrates  strongly»  and  when  struck  ^\t\i  a  hammer  it  explodes 
more  violently  than  fulminating  mercury.  Its  alcoholic  solution 
is  dextro-rotatory*  When  treated  with  sulphuric  acid  it  evolves 
fumes  of  nitric  acid,  and  when  treated  with  ammonium  sulphide/ 
acetic  acid  and  ice,**  or  hydrindic  acid  *  it  is  re-converted  into 
mamiite.  Mannite  is  also  formed  when  nitro-mannite  is  boiled 
far  some  time  with  a  solution  of  acid  ammonium  sulphite,  whilst 


^  Cla«i8on,  Jbwnt,  Ptiiki.  Ckem.  [2],  xx.  10. 


•  Vompi.  Rend.  xxiv.  89  and  391. 

*  Ann.  Chtm.  Pkarw,  \xxm,  69. 


•  Sokolow,  Journ,  Run*.  Chctn    Ges,  xu  186, 
'  Deft»aigTie8,  Cirnipt,  Rewl.  xxxiii.  4d2» 

•  B^chnnp,  Ann,  Chim.  Phys,  [3],  xlvi.  351. 

•  Mills,  Ji/urn,  Chem,  Soc,  xvU.  153. 

105 


«  /J,  XXV.  21. 

»  Joui^,  Pmkt.  Chem^  xxii  228. 


488 


COMPO0ND8  OF  HEXAD  ALCOHOL  RADICALa 


at  the  same  time  ammaiiium  sulphate,  nitrate^  and  nitrite  Btt 

produced* 

If  dry  ammonia  be  passed  into  an  ethereal  solution  of  mttty 
mannite,  evolution  of  gas  takes  place,  and  a  semi-fluid  black 
mass  separates  out,  which  contains  ammonium  nitrite  and  nitrate, 
together  T\ith  other  bodies.  l£  the  liquid  be  poured  oflf  from 
this,  the  ether  allowed  to  evaporate,  and  the  residue  crystallised 
from  alcohol,  long  needlei  arranged  in  stellar  groups  are  first 
deposited.  These  are  either  kexonepefUanitrcUe,  CQHg(0H)(NOj)g, 
or  have  the  formula  [C^H.CNOJJ^a  They  melt  at  77^—79', 
defla'^te  slightly  when  more  strongly  heated,  and  explode  on 
percussion*  From  the  alcoholic  mother-liquor,  water  precipitates 
syrupy  mannUanhiranilrak,  CgHgO(N03)^,  which  on  percussion 
detonates  more  powerfully  than  nitro-mannite.* 

809  a-Hexane  Hcj:acctatc,  C^]l^{0^,f)^^,  is  produced,  together 
with  mannitan  acetates,  when  mannite  is  heated  with  acetic 
anhydridu,*  It  is  best  prepared  by  warming  mannite  with  four 
times  its  weight  of  the  anhydride  and  some  zinc  chloride,  when 
a  moderately  brisk  reaction  sets  in  in  a  few  momenta.*  The 
acetate  forms  rhombic  crystals  which  melt  at  ll^^  and  are 
dextro-rotatory.  They  are  insoluble  in  cold  water,  alcohol,  and 
ether,  but  dissolve  somewhat  on  heating,  and  very  readily  in 
acetic  acid. 

According  to  Schutzenberger,  the  first  product  of  the  action  of 
acetic  anhydride  on  mannite  is  the  compound  CijHj5(CjHjO)Oi^ 
which  in  the  pure  state  Ibrms  a  light  white  mass,  which  has  a 
slight  sweet  but  somewhat  bitter  taste,  and  on  saponification 
yields  mannitan,  the  molecuhir  formula  of  which  is  therefui^e 
probably  Q^^E^p^^. 

When  mannite  is  heated  with  glacial  acetic  acid  to  200*^ — ^220* 
mannitan  diacetate,  C^Hnj(C2HgOj)gO£,  is  formed,  Tiiis  is  a 
very  bitter  syrup,  which  on  saponification  yields  acetic  acid  and 
mannitan. 

By  heating  mannite  with  other  fatty  acids,  Berthelot  haa 
obtained  a  aeries  of  ethereal  salts  of  raanoitaD.^ 


*  A,  and  I1V.  Knop«  Joum.  PrakL  Chem.  IvL  337, 

*  Tic  hail  oi^'itachj  ZeiUch.  Ciicm,  186^,  4S2. 

*  Schlitreiiberger,  Ann,  Ciieni,  Pharm.  clx.  94  ;  HoucUftrdat,  loc  eiL 

*  Ffanchitnont,  Ber,  DnUach,  Chcm,  Qcs.  xii.  2059. 
■  Ann.  Ckim.  Phyt,  [3],  xivii.  315. 
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DuLciTOL,  DuLciTE,  OR  /S-Hexone  Alcohol,  CgHg(OH)g. 

8x0  In  1836,  Hiinefcld  found  that  a  peculiar  ciystalline  body, 
terijied  by  liim  tudarnjigm^}  exista  in  the  sap  of  Mdampymm 
ncuim'osum,  and  M.  tntlf/atum.  This  body  was  then  further 
examined  by  Kichler,  who  found  it  also  in  Scrojihularia  nodosa, 
and  Uhiimnthtts  UJiruia-GnUi,  but  the  formula  assigned  hj  him 
to  the  substance  was  an  incorrect  one.* 

In  18-i8,  Laurent  examined  certain  crystalline  lumps  of 
unknown  origin,  which  %vere  sent  from  Madagti^car  to  Paris 
in  large  masses,  and  found  that  their  principal  constituent  was 
a  sugar-like  substance,  which  he  considered  to  be  a  homologue 
of  grape  sugar,  or  of  the  glucoses,  CQH^20^,and  termed  it  duicose, 
assigning  to  it  the  formula  CyH^^O^,^  whilst  Jacquelain  believed 
its  composition  to  be  C^Hj^O^,  and  termed  it  f/zf/t'i/k**  Souberan 
came  to  the  conclusion  that  it  was  mannite,^  and  soon  after 
Laurent  recognized  the  fact  that  it  is  an  isomeride  of  mannite.* 
Finally  Gilmer  showed  that  dulcite  is  identical  with  melampyrin 
and  with  the  evonymite  which  Kubel  found  in  the  sap  of 
Evrmymiis  Europmus.'^ 

The  Madagascar  manna,  as  the  above-mentioned  lumps 
^"iprere  termed,  consists  almost  entirely  of  dulcite,  and  this  is 
readily  extracted  by  treatment  with  hot  water.  Dulcite  may 
be  obtained  from  Mclampyrttm  nemorosmn  by  boiling  the  plant, 
dried  when  flowering,  with  water,  adding  milk  of  lime  to  the 
decoction  till  just  alkaline,  and  again  boiling,  and  then  decom- 
posing the  filtered  solution,  after  sufficient  evaporation,  with 
hydrochloric  acid,  Tlie  dulcite  then  separates  out  and  is 
purified  by  recrystallization. 

Dulcite  is  also  formed  by  union  of  hydrogen  with  galactose, 
CjjHjgO^j,  a  saccharose  obtained  from  milk-sugar,  and  an  aldehyde 
of  dulcite. 

Dulcite  has  a  taste  less  sweet  than  that  of  mannite,  and  lo 

also  less  soluble  in  water,  dissolving  at  16**5  in  thirty-four  parts 

.of  this  liquid.     It  is  but  very  slightly  soluble  in  alcohol,  and 

does  not  dissolve  in  ether.     It  crystallizes  in  monoclinie  prisms 

which  melt  at  188**'5.     ^Vhen  heated  with  concentrated  hydriodic 

-acid  it  yields  the  same  secondary  hexyl  iodide  as  is  obtained 

vii,  233  ',  ix.  47. 


^  Jofirn,  PraM.  Ch^n, 

»  Ja/tre»b,  1855,  665. 

■  Cmnj4,  ReTuL  xxx.  41,  ♦  /ft.  mri. 

•  UnTunt  aud  Gerhardt,  Compt,  Jkiui,  1861,  29. 

^  Ann^  C/iern,  Ph<irm»  cixiii.  372. 


«25. 


339. 


490 


COMPOUNDS  OF  HEXAD  ALCOHOL  RADICALa 


from  manmte/  but  it  differs  from  the  latter  stibstauce  inasmucli 
as  nitric  acid  does  not  oxidize  it  to  saccliaric  acid,  but  to  the 
isomeric  mucic  acid.  Dulcite  dissolves  when  warmed  ^-ith 
concentrated  hy<lrochloric  acid,  and  on  cooling  down  to  0*  the 
compound,  C^Hj^O^  -t-  HCl  4-  SH^O,  separates  out  in  laige 
crystals  which  lose  b yJrockloric  acid  on  exposure  to  air,  and  are 
decomposed  into  their  constituents  when  treated  with  water  or 
alcohol  It  forms  corresponding  compounds  with  hydrobromic 
and  hydriodic  acids.^ 

8ii  BulcUan,  QHjqOjj,  is  formed  when  dulcite  is  heated  for 
some  time  to  200",  and  is  a  viscous  syrup,  which  dissolves  readily 
in  water  and  alcohol,  but  is  insulublt*  in  ether,  and  is  perceptibly 
volatile  at  120".  When  exposed  to  moist  air,  or  on  heating 
with  baryta-crystals  and  water  to  160",  it  is  partially  trans- 
fonued  into  dulcite.  When  dulcite  is  heated  with  organic 
acids,  ethereal  salts  of  dulcitan  are  formed,  some  of  which  are 
crystalline  aud  others  amorphous,^  Dulcitan  differs  from  the 
isomeric  maneitan  by  acting  as  a  pentatomic  alcohol,  and  it 
may  therefore  be  termed  hcxonyl  alcohol,  C(,H7(OH)5. 

Buk^ol  Bichhrrhi/dnn,  or  ^-Ile.ro7te  Dichlorhydrate,  C^Hg(OH) 
Clj,  19  obtained  in  a  similar  way  to  the  corresponding  mannite 
derivative.  It  crystallizes  in  small  tables  wliich  are  insoluble 
in  water,  and  at  ISO*'  it  splits  up  into  tiydrochloric  acid  and 
dulcitaji  cklorhi/drin^  or  hexmu/l  chiarhj/drate,  CflH.(OH)^CI,  this 
compound  being  also  produced  on  boiling  with  water.  It 
crystfdlizes  in  long  easily  soluble  needles,  wldch  melt  at  90°»aiid 
are  dextro-rotatory.  It  retidily  unites  with  hydrochloric  acid, 
forming  again  the  dichlorhydrin,  whilst  with  hydrobromic  acid 
it  yields  the  chlurbromhydriii  Cyig(OH)^CIBn 

Dukitol  Dilmmihijdrin^  C^jH^COHj^Brj,  crystallizes  in  small 
tables,  which  are  insoluble  in  cold  water,  whilst  when  dissolved 
in  hut  water  tlu^y  peld  dulcitan  hruMhydrin,  CgH7(0H)^Br. 
This  latter  forms  long  very  soluble  needles,  which  melt  at  143*, 
readily  reunite  with  liydrubromic  acid,  and  yield  the  dichlor- 
hydrin  on  treatment  with  fuming  hydrochloric  acid. 

If  any  one  of  the  foregoing  compounds,  and  the  best  for  tins  pur- 
pose is  dulcitan  chlorhydrin,  be  heated  w^ith  alcoholic  ammonia, 
dulcUaraine,  C^\Ji}\i^^Yi^,  is  formed.  To  separate  this,  the 
solution  is  evaporated  and  the  hydrochloride  extrai^ted  by  means 

3  Wiitiklyn  and  Erlonmeyer,  Zmisch.  Chem,  1862,  641. 
'  Tiourhanlat,  Ann.  ChiM.  Phys,  [4],  xxvii.  ItJS* 
•  BtJXthtltit,  Chiiiu  Org.  SyiWi  iL  209. 
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of  abeolute  alcohoL  On  then  adding  ether  the  salt  crystallizes 
out  in  needles.  By  the  action  of  silver  oxide  on  the  ai:[ueous 
solution  the  free  base  is  obtained,  and  tins  on  evajK^ration  forma 
a  thick  syrup,  ha\^og  a  strongly  alkaline  reaction,  ahsorbing 
carhon  dioxide  from  the  air,  and  decomposing  ammoniacal 
salts> 

Sulphates  of  DakUol  According  to  Eichler,  dulcite  when  dis- 
solved in  sulphuric  acid  yields  the  acid  tri»iilphfite,CQ^^(Oli)^ 
(SO^H)^,  whose   barium   salt  is  amorphous.     When   dulcite  is 

•  dissolved  in  chlorsnlphonic  acid,  aeid  dnkUan  peiitas^ulphatc, 
CgH-T(SO^H)^,  is  formed.  This  is  a  syrup  ivliich  on  warming 
with  water,  splits  up  into  duleitan  and  sulphuric  acid 

0-ilej:om  Hixfiih^aie^  or  Niintiiukitol,  CgHgCKOg)^,  is  obtained 
by  dissohiiig  one  part  of  dulcite  in  five  pails  of  fuming  nitric 
acid,  adding  ten  parts  of  sulphuric  acid,  and  then  pouring  the 
mixture  quickly  into  ten  to  fifteen  parts  of  water.^  The  salt 
which  sepamtes  out  crystallizes  from  alcohol  in  beautiful 
flexible  needles  which   melt  at  SS^'d.     At  the   ordinary  tem- 

\  perature  these  give  off  acid  vapours,  and  when  they  are  kept 
for  a  few  months  at  a  temperature  of  SS''  to  ^U"  they  are 
transformed  into  the  tdmnitratr,  G^^iOVL^il^i}.^^,  less 
soluble  in  alcohol  than  the  former  compound,  and  crystallizing 
from  this  solution  in  transparent  needles, 

Acelaks  of  Dukiid,  When  ten  parts  of  dulcite  are  dissolved 
in  a  boiling  mixture  of  twelve  parts  of  acetic  anhydride  and 
120  parts  of  glacial  acetic  acid,  and  the  mixture  allowed  to 
cool,  ff-hc^one  dmcekiie,  C^^{OWj^{C^^O^^,  is  formed.  This 
crystallizes  from  hot  water  in  thin  tables  which  melt  at  175^ 
and  have  a  feeble  dextro-rotatory  power. 

When  dulcite  is  heated  with  an  equal  quantity  of  glacial 
acetic  acid,  and  three  times  its   amount  of  acetic  anhydride, 

,  fi'hexoTie  he^:mdatt,    C^H^fC^HgOg)^,    is  formed,   and  this   cry- 

1  Btalli^es  from  boiling  alcohol  in  leaflets  which  melt  at  171^ 

0-ffcxane  PcniGLCctQcklorhydrin,  ^J^{GJ^fy.^^i.X  is  obtained 
by  heating  dulcite  with  acetyl  chloride.  It  forms  microscopic 
crystals,  which  on  boiling  with  alcohol  are  converted  into  ^-hexont 

\p€mi€u^eiak,  G^^{C^,p^fiK,  this  latter  crystallizing  in  fine 
needles  melting  at  163°,  If,  however,  it  be  heated  for  some 
time  to  200°  a  brittle  resinous  mass  of  hcxoiiyl  jtentaaiaU, 
C^jH^CCjHjjOj)^.  is  formed. 

*  Bouchardat,  Ann,  Chim.  Phm.  [4],  X3nrii.  157. 

'  B^cbamp,  Cirinpt.  Jlcnd.  li.  255  ;  Hc  oUq  Champion,  ib,  Ixxriii.  IIIH). 
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812  IsodiLldte,  CgHj^Og,  does  not  occur  in  the  free  state  in  nature 
but  is  found  as  a  peculiar  ethereal  salt  belonging  to  the  class  of 
glucosides.  On  boihng  with  dilute  sulplmric  acid  this  splits  up 
into  isodulcite  and  other  bodies  which  \\41l  be  hereafter  described, 
Isodulcite  was  first  obtained  by  Hkisiwetz  and  Pfaundler  from 
quercitrin^  a  body  occurring  in  quercitron  bark,  a  product  con- 
tained in  the  bark  of  the  Quercus  tifidoria}  Liebermann  and 
Hormann  afterwards  prepared  it  from  XaTUfiorfkamnin  contained 
in  Hhamnus  irife^ctorius  and  E.  ii/uioria,^ 

Isodulcite  dissolves  readily  in  water,  has  a  very  sweet  tastev 
and  crystallizes  in  large,  transparent,  glassy,  monoclinic  prisms 
or  tables,  which  melt  at  92' — dS"  and  are  dextro-rotatory.  At 
100^  it  is  converted  into  amorphous  isodnldtan,  C^jHi^O^,  and 
this  on  solution  in  water  again  yields  isodulcite,  K  sodium 
alcoholat43  be  added  to  a  solution  of  isodulcite  in  absolute  alcohol^ 
the  compound,  C^H^.>NajO^,  is  precipitated  as  a  crystalline 
powder.^  When  iscxlulcite  is  heated  with  concentrated  hydriodic 
acid,  it  IB  converted  for  the  most  part  into  a  tarry  mass,  whilst  at 
the  same  time  a  heavy  liquid,  containing  iodine,  distils  over. 
This  is  a  mixture  of  several  bodies  which  have  not  as  yet  been 
separated,*  The  action  of  a  mixture  of  concentrated  nitric 
and  sulphuric  acids  transfonns  isodulcite  into  nitro-i^sodidcUan^ 
C,jH^(N  03)305,  an  amorphous  and  insoluble  body  which  explodes 
slightly  on  percussion. 

When  oxidised  with  dilute  nitric  acid,  isodulcite  yields  dibasic 
uodulcitic  acid,  C^Hj^jO^,  remaining  on  evaporation  of  its  solu- 
tion as  a  syrup,  from  which  crystalline  graios  separate  out  ou 
standing,' 

813  SarbUey(C^Kjfi^^  +  H^0,  occurs  in  mountain-ash  berries, 
and  in  the  vinous  liquor  obtained  from  these  by  fermentation.  If 
this  latter  be  precipitated  with  lead  acetate  and  the  filtrate,  after 
treatoient  with  sulpimretted  hydrogen,  be  allowed  to  evaporate, 
a  syrup  remains  behind  from  which  sorbite  gradually  separates 
out  in  crystals.  It  loses  its  water  of  cjystiillization  at  about 
100",  and  then  melts  at  110'— 111°,^ 


814  Finite,  C^Hj^Oj.   Thk  compound,  isomeric  with  mannitan, 

^  Ann,  C7«jn.  Phann.  cixTii.  S62»  »  lb.  cxcvi.  323. 

•  Liebemmnn  and  Hommaiin^  B^r.  DeutscK  Chem^  Qttm  xiL  1186. 

•  Dtle  and  Schorkmmer,  ih.  li,  1197. 

■  Mftlin,  Ann,  Chnn,  Phamn,  cxlv.  197. 

•  Bousaingault,  A  an.  Chim,  Phys*  [4],  xxvl  876* 
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&c.,  forms  the  principal  constituent  of  the  pine-sugax  contained 
in  the  sap  of  FiniLS  lamhertiana,  which  grows  profusely  on  the 
western  slopes  of  the  Sierra  Nevada  in  California.  This  collects 
at  the  foot  of  the  tree,  in  holes  burnt  into  the  trunk,  in  dark 
round  lumps  and  is  used  by  the  Indians  as  a  food.^  Finite  is 
exceedingly  soluble  in  water,  has  a  very  sweet  taste,  crystallizes 
in  hard  white  nodules,  and  is  dextro-rotatory. 

A  substance  isomeric  with  pinite  has  been  obtained  by  Eichler 
and  termed  quercite,  but  this,  as  is  also  probably  the  case  with 
pinite  itself,  is  not  connected  with  the  group  of  fatty  bodies,  and 
will  be  described  hereafter. 

^  Berthelot,  Ann,  Chim,  Phys.  [8],  zlvL  76  :  Johnson,  Joum.  HukL  Chem. 
lxx.246. 


CARBOHYDRATES. 

8x5  The  above  name  has  for  some  time  past  been  given  to  a 
group  of  compounds  which  contain,  in  the  molecule,  six  atoms  of 
carbon  or  a  multiple  of  this  number,  together  with  hydrogen  and 
oxygen  present  in  the  proportion  in  which  these  elements  unite 
to  form  water. 

Many  of  the  carbohydrates  constitute  some  of  the  most  im- 
portant constituents  of  plants,  some  few  are  also  found  in  the 
animal  kingdom,  whilst  the  larger  number  are  well  known  as 
valuable  articles  of  food. 

They  consist  of  several  distinct  isomeric  groups,  most  of  whose 
members  exhibit  active  optical  properties  deviating  the  plane 
of  polarized  light  either  to  the  right  (+)  or  to  the  left  ( — ). 


I.  THE  SUGAR  GROUP. 

The  Saccharoses,  TJie  Glucoses. 

^12^22011-  CgHijOg. 

+  Cane-sugar,  or  saccharose.      +  Grape-sugar,  or  dextrose, 
-f  Milk-sugar.  —  Fruit-sugar,  or  levulose. 

+  Melezitose.  +  Galactose. 

-+-  Melitose.  +  Arabinose. 

+  Trehalose.  +  Eucalyn. 

-h  Maltose.  —  Sorbin. 

Inosite. 

Scyllite. 

Dambose. 

The  saccharoses  are  ether-like  compounds  which  are  converted 
into  glucoses  on  boiling  with  dilute  sulphuric  acid  : 


o{c;h;;S:+h.o-2c.h„o^ 
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Cane-sugar,  when  thus  treated,  yields  equal  quantities  of  grape- 
sugar  and  fruit-sugar.  Such  a  mixture  is  widely  distributed 
throughout  the  vegetable  world,  and  is  termed  invcj^L-sitgaT 
because  it  deviates  the  plane  of  polarization  to  the  left,  the 
speeific  rotatt^ry  power  of  levulose  being  at  ordinary  temi>eratures 
greater  than  that  of  dextrose.  Milk-sugar  thus  acted  upon 
gives  galactose  and  grape-sugar,  the  latter  being  also  formed, 
together  with  eucalyn,  from  melit^jse,  whilst  ail  the  other 
saccharoses  apparently  yield  only  grape-sugar. 

Of  the  glucoses  the  first  three  alone  have  been  carefully 
examined*  They  reduce  am  maniacal  silver  solution  with  de- 
position of  a  metallic  mirror.  Grape-  and  fruit-sugar  combine 
directly  with  nascent  hydrogen  to  form  raannitol,  CgHg(OH)^j, 
galactose  yielding  the  isomeri<le  dulcite.  In  these  respects  the 
glucoses  act  as  aldehydes  of  these  alcohols,  but  they  do  not 
exhibit  the  characteristic  reaction  of  aldehydes  discovered  by 
Hugo  Schiff,  and  which,  according  to  Caro,  is  a  general  one  for 
this  class  of  compounds. 

This  reaction  consists  in  adding  sulphurous  acid  to  a  solution 
of  aniline-red  until  the  latter  is  decolourized  ;  upon  the  addition 
of  an  aldehyde  to  this  colourless  solution  it  assumes  a  splendid 
violet  tiiJt.  Grape-sugar  does  not  give  this  reaction,  and  it 
and  its  isomers  may,  therefore,  possibly  be  a  ketone -alcohol, 
H0.CH2(CH,0H),00.CH,.0H.i  On  the  other  hand,  grape- 
sugar  yields,  on  oxidation,  monobasic  gluconic  acid,  C^jHjjO^, 
and  dibasic  saccharic  acid,  Cj^Hj^jOg,  whereas  the  above  con- 
stitutional formula  would  point  to  the  formation,  under  these 
conditions,  of  acids  containing  less  than  six  atoms  of  carbon. 
It  may,  however,  be  remembered  that  Breuer  and  Zincke,  in  the 
examinaition  of  the  acetic  ethorof  acetylcarbinol.CH^.CCCH^.OH, 
obtained  by  the  action  of  potassium  acetate  upon  monochlor- 
acetone,  found  that  this,  when  oxidized  by  an  alkaline  solution 
of  a  cuprie  salt,  did  not  yield,  as  was  expected,  pyro-racemic  acid, 
CH^,CO.COOH,  hut  formed  ordinary  lactic  acid.  CH^^CHfOH) 
CO.OH.^  In  a  similar  way  grape-sugar  may  yield  gluconic  acid, 
anil  the  formation  of  laevulinic  acid  (p.  24"!)),  a  ketonic  acid 
from  grape-sugar,  favours  this  view. 

*  Victor  Meyer,  Ber,  Dmtseh,  Chem^  QtM*  xiii.  2344. 
■  B€r*  DnUdch.  Chcm,  Ckt.  xiiL  635. 
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II.  THE  AMYLOSE  GROUP  (CgH^H^)„, 


+  Starch. 

Laevulin. 

Gunis. 

+  Dextrin^ 

+  GlycogeiL 

Cellulose. 

—  Itiuliii. 

Some  of  the  members  of  this  group  are  soluble  in  cold  or 
in  hot  water ;  others  soften  and  swell  when  brought  in  contact 
with  wat4?r  hot  or  cold,  whilst  cellulose  is  insoluble  in  water. 
They  are  all  trausfornied  by  the  action  of  acids  into  glucoses* 


THE  SACCHAROSES. 

Cane-Scgar,  C^HggO^. 

8i6  Sugar  was  known  to  Eastern  nations  in  early  times,  but 
>vas  not  introduced  into  Europe  until  the  time  of  Alexander 
the  Great,  and  it  was  at  first  used  entirely  as  a  medicine. 
Dioscorides,  speaking  of  the  diflferent  kinds  of  honey,  say^ 
*'  Some  are  termed  sugars  (aaKxapop),  being  a  solid  honey 
found  in  canes  [inl  rwy  tcaXafn^otv),  cuiiiing  from  India  and  Arabia 
FeUx,  in  consistence  like  salt,  and  capable  like  salt  of  being 
ground  to  powder  between  the  teeth.*'  Pliny  remarks  on  this 
subject,  '*  Saccharon  ex  Arabia  fert,  sed  laudatius  India  ;  est 
autem  mel  in  aruudinibus* collectum,  gonamium  modo  eandidum, 
dentibus  fragile,  amplissimum  mucis  avellanse  magnttudine.  ad 
medicime  tantum  usum."  The  Arabians,  and  the  physicians 
educated  in  their  schools,  speak  of  this  prixluct  in  similar  terms. 
The  oriental  names  tor  sugar  are  derived  from  the  Sanskrit 
Shm^Jcard,  aignif}^ng  a  body  in  the  form  of  granules  or  small 
stones. 

The  cultivation  of  the  sugar-cane  spread  from  the  far  Elast 
to  Arabia,  Nubia,  and  Egy^pt.  The  Sartocens  extended  its 
culture  to  Sicily  and  other  islands  of  the  Mediterranean,  and 
the  Moors  introduced  it  into  south  em  Spain  and  Portugal,  In 
the  year  1494.  the  sugar-cane  was  fii"st  planted  in  Madeira,  and  in 
1495  it  found  its  w^ay  to  St.  Domingo,  and  in  1503  to  the  other 
West  Intlian  islands.  We  find  it  in  the  Brazik  towards  the 
beginning  of  the  sixteenth  century,  shortly  after  which  it  was 
introduced  largely  throughout  the  American  continent. 

The  imj>ortivtion  of  sugar  from  these  lociilities  into  Europe 
Boon  made  this  article  better  kno^vn.    Libavins,  in  his  Alckymia^ 
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published  in  1595,  mentioBS,  "  Sacchari  ciystalliiii  quod  candi 
appellant;"  he  recommends  a  plan  of  puritying  Madeira  sugar 
by  means  of  albumen,  and  Angehis  Sala  in  his  i^aeckarologia 
advises  the  uae  of  egg  albumen  and  liine- water  for  this  purpose, 

817  The  sugar-cane  {Sacchanim  offidnarum)  now  planted  in 
tropical  conntries  contains  from  16  to  18  per  cent,  of  cane- 
sugar.  Another  gramineous  plant  (Sargkiim  satscharatum),  also 
used  as  a  source  of  sugar,  is  a  native  of  Asia.  The  sugar-cane, 
as  grown  in  the  United  States,  yields  on  an  average  from  70  to 
75  per  cent,  of  juice,  containing  from  G  to  7  per  cent,  of  sugar. 
Many  other  species  of  grasses  contain  cane-sugar^  thus  the  maize 
stems  after  flowering  yield  a  juice  w^hich  contains  from  7'4  to 
9  per  cent,  of  sugar,  of  which  about  half  consists  of  cane-sugar. 
This  source  of  sugar  was  employed  by  the  ancient  inhabitants  of 
Mexico  for  the  pr^xluction  of  sugar.  Many  palnis,  such  as 
Caryota  urens,  used  in  Ceylon  for  the  preparation  of  jaggery, 
also  contain  sugar.  In  Java  and  many  of  the  East  Indian 
Islands  the  Ai-enga  palm  (Saf/U4^ru^  sacchifera)  and  other  species 
are  employed  as  sugar-bearing  planta. 

Marggraf  ^  was  the  first  to  point  out  that  sugar  is  contained 
in  many  kinds  of  fleshy  roots,  especially  in  those  of  beet  {Bda 
imlgaris).  These  roots  usually  contain  from  7  to  11  and  some- 
times 14  per  cent,  of  sugar.^  According,  indeed,  to  Scheibler* 
as  high  a  percentage  as  20  is  sometimes  reached,  and  tubers 
containing  less  than  10  per  cent,  cannot  now,  owing  to  the 
fiscal  arrangements  in  Germany,  be  profitably  used  for  the 
manufacture  of  beet-root  sugar.  Cane-sugar  also  occurs  in  the 
roots  of  DaitcuB  carota^  Padinaca  sativa,  Sium  »isantm,  and 
others.  Madder-root  likewise  contains  from  14?  to  15  per  cent, 
of  sugar, *  It  is  moreover  found  in  many  seeds,  such  as  almonds, 
walnuts,  liazelnuts,  and  barley.  CoflFee-beana,  before  roasting, 
contain  from  6  to  7  per  cent.^  The  sap  of  many  trees  is  also 
rich  in  sugar,  as,  for  example,  that  of  the  lime,  birch,  sycamore, 
and  especially  the  maple,  the  sugar-maple  {Acer  sac4:harinum) 
having  lung  been  used  as  a  source  of  sugar  in  the  Northern 
States.  Cane-sugar  is  likewise  found  in  the  juice  of  many  fruits, 
but  almost  always  accompanied  by  invert-sugar  (p.  494).  As 
this  latter  sugar  is  derived  from  cane-sugar  by  the  action  of 

*  Schriften,  Berlin  Aend.  1747. 

*  Cmeliu,  Handbook  Or^iu  Vhfvi,  xv,  239. 
"  Ber,  Entw.  Drnt^h.  Chein,  Jnd.  ii.  136. 

*  8tfin,  Joum.  PraJbL  Chcm,  cvii.  444. 

*  Gruham,  Steuhouae,  and  Campbt^ll,  QuaH.  Jou^m^  Okem,  Sifc,  iz.  ZZ* 


ttcUi  aad  of  certain  fermeiita,  it  has  gefo/awHj  hmm  loppoaed 
Ikal  caiie-«igBr  k  fint  formed  daring  llse  proceas  of  lipoui^ 
lad  iimi  tilts  is  afterwatds  eooreited  into  inmert-sogar.  Mndi 
mmjj  howerer,  be  Bald  against  this  Tiew.  Thus  m  acid  fruity 
andi  as  the  orange,  the  qaantitr  of  caam-^aagMT  regnlarlr  in- 
ereaaes  dniiog  the  ripeniDg,'  and  the  most  add  of  all  fruiia^  tli^ 
lemon,  contains  to  1  p^  cent,  of  inrert-,  0'4  per  cent,  of  caam* 
sogjSTp  whilst  grapes  and  sweet  cherries  do  not  contain  aaj  cane- 
sngitf ,  though  it  is  present  in  qaantitj in  the  jitioe  of  pine-apples 
and  St  John  s  bread.  In  other  instances  it  has  been  shown 
that  the  formation  of  invert^-^ugar  precedes  that  of  cane-^ngar. 
Thos  the  saccharine  juice  formed  during  the  early  period  of 
vegetattoD  contains  only  imrert-sugar,'  and  this  af^tears  to  be  the 
case  with  the  sugar  cane  itself,  as  the  cane  when  eorered  with 
young  green  leaves  contains  considerable  qoantities  of  inrert- 
sugar,  which  passes  into  cane-sugar  when  the  leaves  dry  up.' 

The  nectar  of  flowers  contains  cane-sugar ;  in  that  of  the 
flowers  of  Rhododendron  ponlicum  it  may  even  be  found  in  crystals,* 
and  in  the  nectar  from  a  single  flower  of  Cactus  acl-^rmanm^ 
Braconnot  found  O'l  gnu.  of  sugar .^  In  most  cases  invert-sugar 
accompanies  the  cane-sugar. 

The  quantity  of  sugar  contained  in  the  nectar  of  certain 
flowers  has  been  determined  by  A,  S.  Wilson,*  who  finds  that  in 
order  to  produce  1  kilo,  of  sugar  5,600,000  flowers  of  red  clover 
must  be  used. 

Honey  is  likewise  a  mixture  iu  varying  proportions  of  the 
two  sugars^  as  it  is  obtained  by  the  bees  from  the  nectar.  If 
bees  be  fed  with  grape-sugar  their  honey  contains  this  variety 
of  sugarj  Roders  found  that  heather-fed  honey  contained 
invert-  but  no  cane-sugar,  whilst  Cuba  honey  contained  none  of 
the  latter,  but  consisted  chiefly  of  dextrose. 

SUGAR    MANUFACTURE. 

8i8  From  crude  beginnings,  the  manufacture  of  sugar  has 
attained  gigantic  proportions  and  a  marvellous  degree  of  com- 
pleteness, due  to  a  fertile  union  of  both  chemical  and  engineering 
science. 

>  B<»Hhelot  and  Bulpnet,  Compi.  KentL  IL  1094. 
'  Jiii-kuun,  lA.  xlvi  65;  Li*plft3%  ih.  xlvi.  444. 
"  leery,  ^inn   Chhn,  P/ii/w.  [i],  v.  850. 

*  HUnmiitr,  JahrcAh.  1849»  464,  •  Brr^h  Jahmh,  xtit.  -154, 

•  J'hiirtit,  jimm»  Trans.  [3],  ix.  225,  '  Hoilei^  Jahrt&h,  1863,  574. 
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The  simplest  process  for  obuiaing  sugar  is  tliat  from  the 
sugar-cane,  which  still  yields  the  largest  quantity  of  tliis  iuvalu- 
able  article.  The  juice  of  the  cane  contains  abmt  24  per  cent, 
of  sugar,  about  1*7  per  cent,  of  inorganic  salts,  and  about  0*2 
per  cent,  of  organic  acids,  albuminous  matter,  &c*  Only  about 
half  this  amount  is,  however,  obtained  in  practice  in  the  furm 
of  crystallizable  sugar. 

The  various  causes  which  bring  about  a  consitlerablo  loss 
are  maiidy  the  follomng  :  In  the  first  place,  the  hard  silicious 
stem  of  t!ie  cane  renders  the  complete  extraction  of  the  juice 
in  the  rolling-mill  impossible  where  the  cane  is  crushed  by 
passing  t»etween  horizontal  rollers.  These  are  now  commonly 
heated  by  steam  for  the  purpose  of  assisting  the  outflow  of 
juice,  and  also  because  the  megasse,  as  cane  after  crushing 
is  tenned,  holds  bru-k  less  juice  when  crushed  hot  than  when 
crushed  cold.  Sect>ndly,  the  juice  is  liable  to  undergo  dele- 
terious fermentive  change  at  the  temperature  of  the  hot 
countries  where  it  is  made,  and  in  order  to  avoid  loss  from 
this  cause,  it  becomes  necessary  to  work  as  quickly  as  possible, 
and  this  is  done  by  running  the  juice  directly  from  the  mill 
through  a  double  metiillic  sieve  (ibr  the  purpose  of  removing 
most  of  the  suspended  matter)  into  a  copper  cauldron  of 
4,000  gallons  capacity,  called  the  clarifier.  This  is  heated 
by  a  fire  placed  beneath,  and  as  soon  as  the  juice  has  reached 
the  temperature  of  130'  Fahn,  cream  of  lime  is  added  in  the 
proportion  of  about  4  oz.  of  quicklime  to  the  gallon  of  juice, 
w^hich  is  enough  to  cause  the  formation  of  a  thick  scum  as  soon 
as  the  juice  boils.  This  not  only  takes  out  of  solution  the 
albuminoid  and  other  bodies,  tlie  presence  of  which  is  liable  to 
cause  fermetitation,  but  it  also  neutralizes  the  malic  and  other 
acids  contained  in  the  juice,  which  if  allowed  to  remain  would 
prevent  a  portion  of  the  sugar  from  crystallizing.  The  clarified 
juice  is  then  run  into  a  second  pan  placed  alongside  the  first, 
and  here  another  scum  is  formed,  which  is  ladled  back  into 
pan  No.  L  From  the  second  pan  the  juice  is  passed  into 
smaller  pans,  and  in  the  last  one  it  is  still  further  evapo- 
rated until  the  point  of  crystallization  is  reached.  This  is 
judged  of  by  the  finger- test,  that  is,  a  drop  of  the  syrup  is 
placed  between  finger  and  thumb,  when  it  must  be  capable  of 
being  drawn  out  in  a  stringy  mass.  This  thread  of  sugar  is  the 
longer  the  more  concentrated  is  the  s>Tup,  and  when  it  has  a 
lengUi  of  3  cm,  the  liquor  has  been  sufficieDtly  boiled.    The  last 
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ecom,  irhieh  eontaiiis  a  ooDsi<lemble  qoandtj  of  sngar,  and  the 
adi  left  after  buming  tiie  tnegMae,  aiB  emptojed  aa  maatireu 
In  fofmer  times,  deep  Gast-iron  pms  were  emploved,  now  fiat 
copper  pans  are  uaed,  and  these  aie  ruiged  one  aboTe  the 
other  8o  that  the  juice  nms  from  the  first  to  the  laat  pan  fay 
grafitation  instead  of  being  ladled  out. 

The  experience  gained  m  the  preparation  of  sugar  from  beet- 
toot  and  the  improvements  which  have  beem  made  in  thefse 
prooeases  have  done  much  to  improve  the  cane-sugar  manu&e- 
ttiro.  In  the  first  place,  evaporation  over  an  open  fire,  by  which 
great  ri*k  is  run  of  burning  the  sugar,  has  been  modified  by  the 
introduction  of  heating  by  steam.  This  is  efi'ected  by  a  coil  of 
pipes  placed  in  a  pan,  through  which  high-pressnre  steam  is 


Fig,  122, 


passed.  But  in  this  arrangement  a  deposit  of  lime-salts  is  apt 
t*>  form  on  the  steam-pipes,  and,  in  consequence,  an  evaporator, 
known  as  Wetasel's  pan.  is  now  much  used.  The  construction 
of  this  is  shown  in  Fig,  122.  Tbe  steam  passes  through  a 
system  of  pipes  moving  on  a  horizontal  axis,  and  the  sugar 
juice,  placed  in  the  lower  paa,  is  carried  in  a  thin  film  over  the 
heated  surface. 

819  Another  process  for  evaporating  the  raw  juice,  al^o  lai^ly 
use<l  in  the  culooies,  is  carried  out  by  help  of  an  arrangement 
known  as  the  concretor  of  Mr.  Alfred  Fryer,  an  elevation  of 
which  is  shown  in  Fig.  123  and  a  plan  in  Fig.  124  In  this,  the 
clarified  juice  is  very  quickly  evaporated  but  not  burnt.     The 
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^M       object  of  this  process,  to  use  the  w^ords  of  the  inventor,  ia  to            ^H 
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H        turn  the  juice  at  once  into  a  &oliil  mass  which  can  easily  be            ^M 
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ackeil  and  is  not  subject  to  Icisg  by  drainage.      To  accompUsb            ^M 
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this,  the  clarified  juice  is  first  run  over  a  series  of  shallow  trajs^ 


■'"^Ji  (Figs,   123,  124),  in  a  stream  of  about  half  an  inch  deep. 
These  traya  are  divided  by  riba  running  from  one  side  nearly  to 


SUGAB  MANUFACTURE. 


503 


^ 


tlie  other,  so  that  each  tray  forms  a  continuous  narrow  &erpentme 
channel,  in  traversing  whicli  the  juice  passes  six  times  from  side 
to  side  of  the  tray.  In  the  large  sizes  there  are  ten  of  these 
trays  phiced  end  to  end,  so  arranged  that  the  juice  can  flow 
freely  from  one  end  to  the  other  of  the  series,  or  on  a  length  of 
forty-eiglit  feet,  the  juice  traversing,  therefore,  about  six  times  this 
length  in  the  space  of  five  minutes.  The  flame  from  the  fiimace 
(b)  passes  under  the  whole  length  of  the  trays^  and  by  this 
process  the  juice  is  concentrated  to  a  density  of  from  30°  to  40'', 
BaumL'.  After  leaving  the  trays  the  juice  passes  into  the  revolving 
cylinder  (f),  in  which  a  very  large  surface  is  exposed  to  the 
action  of  a  current  of  heated  air  drawn  through  the  cylinder  by 
means  of  a  fan,  the  air  being  heateil  by  passing  through  tubes 
placed  in  the  economizer  (c).  In  tliis  cylinder  the  concentmtion 
is  continued  until  the  material  has  attained  such  a  consistency 
that  it  drops  down  in  large  flakes  instead  of  flowing  in  a 
contiouc*us  stream* 

This  being  attained,  the  evaporated  mass  is  discharged  into 
casks,  and  on  cooling  becomes  solid,  incapable  of  undergoing 
further  change,  and  ready  for  shipment  to  the  refiner.  The 
whole  operation  lasts  about  half  an  hour,  and  the  process  is  a 
continuous  one.  No  molasses  are  made,  and  the  average  yield 
of  concrete  is  about  2  lbs,  to  the  gallon  of  juice  standing  at 
Ufa  Baume  (Fryer), 

Other  improved  methods  of  evaporating  the  sugar-juice  will 
be  described  under  the  head  of  Beet-Sugar, 

The  syrup  obtained  by  one  or  other  of  these  processes,  after 
being  brought  to  the  crystallizing  point,  is  thrown  into  wooden 
tanks,  the  bottoms  of  which  are  pierced  with  holes  stopped  with 
pieces  of  sugar-cane.  If,  after  standing  for  twenty-four  hours, 
the  mass  has  become  granular,  it  is  stirred  and  the  non-crystal- 
line syrup  or  molasses  allowed  to  nm  off,  an  operation  which 
takes  some  time  owing  to  the  viscid  chai-acter  of  the  liquor, 
Tlte  raw-,  brown-,  or  Muscovado-sugar  thus  obtained  haa  a 
pleasant  simcU  and  taste,  and  is  often  used  without  any  further 
purification,  but  the  largest  quantity  undergoes  the  operation 
of  refining ;  the  details  of  this  operation  will  be  given  in  the 
sequeL 

820  3folassf3  are  formed  in  varying  quantities,  according  to  the 

climate,  the  species  of  sugar-cane  worked,  and  the  care  displayed 

in  the  operations.     They  consist  of  a  mixture  of  cane-sugar, 

uncr^'stallizable    sugar,    caramel,    gum,    and    salts.      Molasses 
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are  used  as  an  article  of  food,  but  chiefly  employed  in  the 
manufticture  of  rum. 

821  Bed-root  Sitgar  Manttfudurc.  The  observation  first  made 
by  Marggraf  that  beot-roots  contain  sugar  remained  without  fruit 
until  his  pupil,  F.  K.  Achard,  corroborating  the  fact,  established 
in  1709  tlie  first  beet-root  sugar  works  in  Germany,  and  this 
was  soon  followed  by  others.  This  trade  received  a  great 
impetus  owing  tj  Napoleon's  decree  in  1806  forbidding  the 
import  of  foreign  sugar,  which  sent  up  the  price  of  cane*sugar 
to  a  very  high  point,  but  after  the  overthrow  of  the  Empire 
most  of  the  beet-root  sugar-works  were  obliged  t^)  close.  The 
experience,  however,  gained  in  the  few  works  wlitch  were  able 
to  hold  out,  gave  rise  to  such  improvements  in  the  processes  as 
to  render  a  subsequent  revivai  of  the  trade  possible.  These 
improvements  consistetl,  first,  in  better  plans  for  eva|M>rating  the 
juice  ;  secondly,  in  a  method  for  revivifying  the  animal  charcoal 
which  after  a  time  loses  its  decolourizing  power ;  and  thirdly, 
in  the  progress  raiide  by  agricultural  chemistry  pointing  out  the 
methods  by  which  a  root  rich  in  sugar  and  poor  in  salts  can  be 
grown.  The  beet-root  sugar  industry  has  attained  gigantic 
dimensions  in  France,  Germany,  Austria,  and  Russia.  It  is 
also  largely  and  very  successfully  worked  in  Belgium,  whilst  other 
countries,  such  as  Holland,  Sweden,  and  Italy,  also  produce 
beet-root  sugar.  In  England  and  her  colonies  this  manufacture 
is  not  carried  on. 

In  order  to  obtain  the  juice  of  the  beet,  the  roots,  cleansed 
and  washed,  are  rasped  by  machinery  and  the  liquor  extracted 
by  hydraulic  presses  and  the  solid  mass  dried  by  centrifugrd 
machines.  According  to  the  old  maceratimi  procem  of  Schiit- 
zenbach  the  roots  were  sliced,  then  dried,  and  then  lixiviated 
with  water  at  SO*'  C.  This  method  possesses  the  advantage  of 
being  capable  of  continuous  working  throughout  tlie  year,  but 
the  extraction  takes  place  slowly,  and  the  high  temperature 
needetl  is  apt  to  bring  into  solution  substances  which  act 
prejudicially  on  the  yield  of  sugar.  Hence  the  same  manu- 
facturer afterwards  introduced  another  method  by  which  the 
roots  were  systematically  lixiviated  in  a  series  of  tanks  in  a 
similar  way  to  that  now  employed  in  the  extraction  of  soda 
in  the  black-ash  process  (see  Vol  IL  Part  I,  p.  148).  This 
process  gave  place  to  another  suggested  by  Dubnmfltut  under 
the  name  of  the  diffusion  process,  and  introduced  on  the  large 
scale  by  Robert,     The  freshly-sliced  roots  are  systematically 
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lixiviated  as  just  described,  and  the  liquors  dialysed,  when  the 
sugar  solution  passes,  together  with  the  other  crystalloids, 
through  the  cell-walls,  whilst  the  colloidal  bodies,  such  as 
albumen,  gum^  &c.,  remain  behind,  so  that  in  this  way  a  much 
purer  juice  is  obtained  than  by  the  older  processes. 

In  order  to  piu^fy  the  beet-root  juice  it  is  first  heated  to  about 
85"*  C-,  at  which  temperature  the  albumen  coagulates,  and  then 
about  0'5  to  1  per  cent  of  lime  is  added  in  the  form  of  milk. 
The  liquid  is  next  filtered  off  from  the  scum  by  means  of  a 
press,  and  carbon  dioxide  passed  into  the  liquor  in  order  to  de- 
compose the  saccharate  of  lime  which  is  formed.  These  pro- 
cesses, which  are  termed  defecation  and  miuraiion,  are  often 
cajried  out  in  one  operation.  The  defecated  juice  is  then 
mixed  with  a  larger  quantity  of  lime,  usually  amounting  to 
6  per  cent.j  and  again  treated  with  carbon  dioxide,  and  thus 
the  purification  completed.  Formerly  the  addition  of  so  much 
Ume  was  not  made,  as  it  proved  impossible  to  extract  the  sugar 
from  the  large  quantity  of  scum  which  forms,  but  this  has  now 
been  accomplished  by  the  use  of  improved  forms  of  filter-presses. 
The  above  method  is  chiefiy  used  for  the  purification  of  juice 
obtained  by  diffusion*  After  saturation  the  juice  is  filtered 
through  a  mass  of  animal  charcoal  placed  in  liigh  cylinden?, 
by  which  not  only  is  the  colour  removed  but  with  it  many 
impurities.  After  a  time  this  **  char  **  loses  its*  decolourizing 
power  and  it  is  necessary  to  reviiifj^  it  by  first  washing  it  with 
water  containing  a  little  hydrochloric  acid  when  fermentation 
takes  place.  As  soon  as  this  is  over  the  char  is  washed  with 
water,  dried,  and  ignited  in  closed  cylinders. 

The  filtered  and  colourless  juice  is  now  concentrated  by 
evaporation,  an  operation  which  is  now  universally  carried 
on  in  tacumn-pans  under  a  diminished  pressure.  Fig,  125 
shows  the  section  of  a  vacuum -pan  such  as  is  usetl  for  boiling 
down  the  juices  both  of  beet-  and  cane-sugar,  fresh  juice  being 
added  from  time  to  time  until  the  mass  begins  to  "  show  grain/* 
This  crystallization  is  allowed  to  continue  for  a  certain  time, 
then  air  is  admitted,  and  the  charge  run  out  into  a  tank  for 
cooling,  when  further  crysttiUization  occurs.  By  placing  three 
of  these  vacuum -pans  in  series,  the  steam  arising  from  the 
first  evaporation  in  pan  No,  1  passes  through  a  **  save-all** 
(Fig.  125,  h)  to  catch  any  juice  which  primes,  into  the  steam- 
drum  of  pan  No,  2;  and  the  same  operation  is  repeated 
with  the  steam  from  the  juice  in  pan  No»   3.      This  leads  to 


considerable  economy  of  fuel  as  compared  with  the  st^am 
evaporating  pans  used  under  the  ordinary  atmospheric  pressure. 
8^2  Su^ar  Rcjining,  The  first  process  of  the  sugar  refiner,  tech- 
nically termed  "  melting/'  consists  in  dissolving  the  raw  sugar  in 
hot  water,  or  by  means  of  a  jet  of  steam,  and,  when  necessary, 
precipitating  the  impurities  either  by  addition  of  lime,  animal 
charcoal,  or  albuminous  substances.     Tlie  clarified  liquor  is  then 


filtered  through  bag-filters,  and  next  flows  on  to  the  auiraal  char- 
coal filters  to  be  decolourized,  whence  it  passes  to  the  vacuum-pans 
for  boiling  clownJ  The  vacuum-pan  of  the  refiner  is  a  complicated 

*  Tliia  deeolouriziiiif  action  of  antiiiiil  chnrcofil  ftppcAfs  not  to  be  duo  to  oxiiU- 
tion  from  abanrlwd  oxyj^cri,  as  a  sainjtle  of  cliur  Ignited  in  viaciiufu  ^illi  % 
enrenj^elf  aud  tliu reform  frt^cd  from  absorbed  orygtn,  acted  m  wtdl  as  f  he  orJtnary 
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and  expensive  piece  of  apparatUB^  often  attaining  yeiy  large 
dimensions.  Fig.  126  gives  a  section  of  a  vacuum-pan  made 
by  Messrs  Heckmann  of  Berlin  and  exhibited  in  the  Vienna 
Exhibition  of  1873,  and  is  capable  of  boiling  down  at  one 


time  twenty  tons  of  juice.  Another  form  of  vacuum  apparatus, 
shown  in  elevation  in  Fig»  127,  is  built  by  Messrs.  Adam,  of 
Greenock,  and  is  drawn  to  a  scale  of  -^.  At  each  operation  it 
boils  twenty-seven  tons  of  juice,  and  it  is  from  4  to  4  5  metres 
in  diameter. 
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The  operatioa  of  boiling  to  grain  being  completed,  the 
granular  mass  of  crystals  and  synip  passes  from  the  vacuum- 
pan  into  heaters  in  which  the  teuiperature  of  the  mass  is  raised 
to  180"*— lJ)0"Fah,  that  in  the  pao  having  been  about  150°  Fah. 
The  mass  is  then  filled  into  conical  moulds  and  allowed  to  cool. 
Al'ter  a  lapse  of  about  twenty  hours  a  fine  opening  is  made 
at  the  apex  of  the  cone,  and  the  syrup  allowed  to  flow  out. 
The  sugar  is  then  known  as  loaf-sugar.  If  crystals  are  nee<3eJ^ 
the  mass  is  filled  into  the  sieve  of  a  centrifugal  machine,  by 
which  means  the  synip  is  removed. 

823  Extraction  of  Crystailizahle  Sugar  from  Molasses.  It  has 
been  already  stated  that  a  quantity  equal  to  one  half  the  total 
obtained  sugar  remains  in  the  molasses,  from  which  it  cannot 
be  removed  by  simple  evaporation  or  crystallization,  and  the 
same  is  true  of  the  beet-root  liquors.  One  of  the  most  im- 
portant problems  for  the  sugar-boiler  is  to  obtain  this  sugar  in 
a  crystallizable  condition,  and  a  large  number  of  processes  have 
been  proposed  for  effecting  this.  Of  these,  the  one  of  most 
importance  depends  on  the  formation  of  basic  strontium 
sucrate,  which  being  insoluble  in  syrup  can  be  easily  separated 
from  the  non-crystalline  sugar  8jTup,and  which,  when  afterwards 
decomposed  by  carbonic  acid,  yields  a  crystalline  sugar.  More* 
over,  if  the  insoluble  sucrate  prepared  in  hot  solutions  be 
allowed  to  cool,  the  basic  compound  decomposes  with  precipita- 
tion of  strontium  hydroxide,  the  solution  consisting  of  a  sugar 
syrup  saturated  with  this  hydroxide.  By  tliis  means  nearly  the 
whole  of  the  crystallizable  sugar  contained  in  tlie  molasses  can  be 
regained,  and  the  process  bids  fair  to  become  generally  adopted 
provided  a  sufficient  quantity  of  native  strontianite  (SrCOjj)  can 
be  obtained.  A  second  plan  also  largely  employed,  especially  for 
beet  syrups,  is  known  as  the  alum  process.  These  syrups  contain 
a  lart^e  proportion  of  potash  salts — according  to  Dr.  Wallace, 
KCl  187,  K^SO^  4-18,  KgCOjj,  or  53"8  per  cent  of  the  total  dry 
salts — which  retard  the  crystallization  considerably.  To  these 
ayrups  a  quantity  of  sulphate  of  alumina  is  added  sufficient  to 
form  an  alum  w^ith  the  whole  of  the  potash.  Alum  is  insoluble 
in  the  s>TUp,  and  is  deposited  from  this  solution  in  fine  crystals 
known  as  alum  meal,  and  this  is  then  separated  from  the  syrup 
which  is  afterwards  worked  up  for  crystallizable  sugar. 

The  employnaent  of  the  vindsse  for  the  prepmration  of  potash- 
salts,  methyl-comi3ounds  and  ammonia,  has  already  been  noticed 
(Vol  III,  Part  I.  page  196). 
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Sorghum  Sugar.  The  manufacture  of  su^^r  from  tliis 
source  appeared  to  offer  a  large  measure  of  success,  inasmuch 
as  this  cane  thrives  in  climates  too  hot  for  beet-root  culture, but 
too  cold  for  that  of  tlie  sugar-cane  pmjx-r.  Owing,  however, 
to  the  fact  that  this  plant  yields  a  larger  proportion  of  invert- 
Bugar  than  ordinary  cane-juice,  and  likewise  contains  gum, 
albumen,  and  salts  in  larger  quantity,  a  great  extension  of 
this  manufacture  has  not  taken  place.  Recently,  however, 
Stewart  has  proposed  a  plan  by  which  crystal lizable  sugar  can 
be  economically  prepared  from  Sorghum  cane,  and  in  the  soiith 
of  Russia  this  plant  is  said  to  yield  from  14  2  to  IG'5  per  cent^ 

The  Extrmtion  of  Sugar  from  platUs  on  the  small  scale  is 
best  efifected  as  follows  :  the  plant  is  dried,  sliced,  and  repeatedly 
extracted  with  seventy  per  cent.  alcohoL  On  cooling,  the 
filtered  alcoholic  solution  deposits  crystals  of  sugar,  and  a 
further  crop  is  obtained  on  evaporation  (Marggraf),  Another 
plan  is  to  prepare  sucrate  of  lime,  or  of  strontia,  from  the  juice^ 
and  to  decompose  these  compounds  by  carbon  dioxide. 


Sugar  Analysis. 

824  At  the  commencement  of  the  beet-root  sugar  manu- 
facture, the  quantity  of  sugar  was  estimated  by  extraction 
with  alcohol  by  the  method  already  given.  Afterwards,  this 
process  was  superacded  by  that  of  allowing  the  juice  to  ferment 
on  a^lditiou  of  yeast,  tlie  quantity  of  alcohol  aud  of  carbonic 
acid  generated  being  dtjtormined.  Another  plan  was  to  take 
the  specific  gravity  of  the  juice  before  aod  after  the  fermenta- 
tion, the  alcohol  being  removed  by  ebullition,  and  the  volume 
made  up  to  the  original  one  by  tlie  addition  of  water. 

These  and  other  methods  have  now  been  replaced  by  that 
of  optical  analysis  This  depends  upon  the  special  power  which 
solutions  of  saccharoses  and  glucoses  possess,  of  deviating  the 
plane  of  a  ray  of  polarized  light,  and  upon  the  law  discovered  by 
Biot,  that  the  amount  of  this  deviation  to  the  right  or  to  the 
left  is  directly  proportional  to  tlie  weight  of  sugar  contained 
in  the  unit  volume  of  liquid,  and  to  the  length  of  column  through 
which  the  ray  passes.  This  has,  however,  been  found  not  to  be 
perfectly  true,  as  Hesse-  and  Tollens^  have  shown  that  the 
same  quantity  of  sugar  possesses  a  somewhat  greater  rotatory 


*  yaiurf,  vol.  xjCTiiL  S7S» 

»  Bcr.  DcutscK.  Chem,  Ocs.  xl  1800. 


*  Ann,  Chem,  Pharm*  cslxxvL  89^  189. 
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power  in  dilute  than  in  concentrated  solution.    Still  this  error 
does  not  materially  affect  the  practical  estimation. 

Many  different  kinds  of  polariscopes  have  been,  and  are  now 
employed  in  the  optical  analysis  of  sugars*  One  of  the  simplest 
forms  of  sacchaririieter,  as  BUggested  by  Mitscherlich  and  Suleil, 
is  shown  in  Figs*  128  and  12!)  respectively.  The  two  Nichols 
prisms^  are  placed  at  each  end  (a  and  b)  of  the  apparatus, 
and  the  liquid  to  be  examined  is  brought  into  the  tube 
(Fig.  130),  and  this  then  placed  between  the  Nichols  in 
the  direction  denoted  by  the  dotted  line  (Fig.  129).  If, 
before  the  tube  is  placed  in  position,  the  Nichol's  prisms  are 


Fig.  12S. 

80   turoed    that  no   light  passes  through,  it  will  be  observed 

that  light  is  seen  to  pass  through  the  prisms  after   the    tube 

is  placed  in  position,  and  the  Nichol  (a)  will  have  to  be  turned 

round  through  a  certain  angle  in  order  to  prevent  any  light 

passing*     The   magnitude  of  this  angle  is  read   off    on    the 

divided  circle  (Fig,  128).     The  deviation  is  in  this  case  propor- 

tionfil  to  the  volume-percentage  of  sugar,  as  the  length  of  column 

remains  constant.  Thus  supposing  that  a  sugar  solution  containing 

15  grms,  of  pure  cane-sugar,  in  100  cbc,  be  found  to  effect  a 

'  For  a  lii'scriptiaD  of  this  jjlitiiLomtDa  of  pokrizatlon,  worki  on  Plijaici  muit 
be  consulted. 
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deviation  of  H-  20^  then  lOo  grm,  dissolved  in  100  cbc*  will  be 
found  to  give  a  deviation  of  +  14^  for  20  :  15 : :  14 :  10*5.  If 
fifteen  grms.  of  any  sugar-containing  substance  be  dissolved  in 
100  cbc.  of  water,  and  if  the  angular  rotation  of  this  solution  be 
inultiplied  by  five,  the  percentage  by  weight  of  sugar  is  obtained ; 
thus  a  solution  of  fifteen  grms.  of  raw  sugar  gave  a  rotation  of 
lO",  or  the  sample  contains  19  x  5  =  95  per  cent,  of  cane-sugar. 


Fits.  129. 

The  accuracy  of  this  method  depends  of  course  on  the 
degree  of  exactitude  with  which  the  jwint  of  greatest  dark- 
ness can  be  estimated.  In  practice  this  has  been  found  to 
be  a  difficulty,  and  to  obviate  it,  Soleil  has  made  the  following 
addition  to  the  polariscope»  In  front  of  the  prism  (h)  Fig.  131 
is  placed  a  plate  of  rock-crystal,  375  or  7  5  mm.  in  thickness, 
and  cut  at  right  angles  to  the  axis.     This  consists  of  two  halves 


fiQ.   130, 


(Fig,  132),  one  of  which  (^),  turns  the  plane  to  the  right,  and 
the  other  (d),  possesses  the  opposite  or  laevo-rotatory  power.  Now 
when  the  prism  (a)  is  rotated,  each  half  of  the  quartz  plate  will 
attain  tUfferent  tints,  and  the  same  eflfect  will  be  obser^^ed  if, 
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instead  of  rotating  the  prism,  the  tube  containing  a  solution 
t.f  sugar  be  placed  between  tbe  prisms.  In  order  to  bring  about 
an  identity  of  tint  in  the  halves  of  the  quartz  plate,  the  prism 
(a)  must  be  turned  through  a  given  angle.     The  same  object  is 


Fio.  131. 


attained  with  greater  precision  than  is  possible  by  turning  the 
prism,  by  an  arrangenient  also  ma^ie  by  Suleil,  and  termed 
the  compensator.  It  consists  in  the  first  place  of  a  plate  of 
quartz   (the   thickness   and   kind   of  polarization  of  which   is 


immaterial),  placed  at  n  (Fig,  131),  and  secondly  of  two  equal 
right-angled  quartz  prisms  (Fig,  133),  cut  so  that  the  suriacea 
/  /  are  perpendicular  to  the  axis  of  the  crystal.  These  prisms 
can  slide  one  over  the  other,  so  that  any  desired  thickness  of 


^I,iirifff^,|{||lj1^lin.^^ 


Flo.   133. 


quartz  can  be  brought  in  the  hne  of  vision.  A  scale  and  vernier 
attached  to  these  quartz  prisms  are  so  arranged  that  when  the 
vernier  points  to  0**,  the  thickness  of  the  tw^o  prisms  is  equal  to 
the  thickness  of  the  plate  n,  so  that,  possessing  opposite  rotatory 
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powers,  the  optical  action  of  the  one  is  oounterbalanoed  by  that 
of  the  other  If.  when  thus  arranged,  a  source  of  light  be 
allowed  to  pass  through  the  apparatus  ioto  the  eye,  the  two 
halves  (^  d),  of  the  quartz  phite  will  appear  of  a  violet  colour, 
(neutral  point,  transitioa  tint,  teijUe  de  passage). 

The  insertion  of  a  column  of  sugar  solution,  of  course  disturbs 
this  equality  of  tint,  and  the  ob^rver  has  then  to  alter  the 
position  of  one  or  other  of  the  quartz  prisms  (by  means  of  a 


Fjg.  134. 


rack   and   pinion   motion),  until    this    neutral    tint    is    again 
reached, 

825  Many  other  forms  of  saccharimeters  are  employed;  of 
those  in  guueral  use  maybe  mentioned,  (1)  the  Laurent  p^n&tnbrt\ 
or  hulf-shmlow  instnimeot  (Fig,  134),  (2)  the  Soleil-Ventzke 
saccharimeter,  (3)  Wild*8  polariatroboineter  (Fig.  136).  and  (4) 
the  form  of  apparatus  now  generally  adopted  both  in  England 
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and  Germany,  manufactured  by  Messrs.  Schmidt  and  Haensch 
of  BerUn  (Fig.  135). 

For  the  exact  description  of  these  diflferent  iustruments  we 
must  refer  the  reader  to  Landolt's  Handbook  of  tlu  Polariscopt 
(Macmillau  &  Co,,  1882),  Suffice  it  here  to  say  that  the  instru- 
ment made  by  Schmidt  and  Haensch,  claims  to  combine  the 
advantages  of  the  Soleil-Scheibler  with  those  of  the  Laurent 
apparatus.  In  common  with  the  former  it  admits  of  the  use  of 
white  light,  and  thus  does  away  mth  the  trouble  of  the  sodium 
flame,  and  ia  more  suitable  for  dark  solutions.  Yet,  like  the 
Laurent,  Jellett,  Comu,  and  other  instruments,  it  is  a  half- 
shadow  instrument,  and  the  two  fields  diflfer  only  in  intensity  of 
light  and  not  in  colour  (Jellett),  so  that  the  personal  error  is 
less  than  when  the  transition  tint  has  to  be  reached. 


Fio.  135. 


The  one  disadvantage  attending  the  use  of  this  instrument, 
viz.  that  the  cliromatic  dispersion  due  to  the  rotatory  powder  of 
sugar  solutions  and  quartz  are  not  absolutely  identical,  and 
that  therefore  the  field  is  not  perfectly  colourless  for  largo 
rotations,  has  been  remedied  by  an  arrangement  of  a  so-called 
regulator  recently  adapted  to  their  instruments  by  Messrs. 
Schmidt  and  Haensch.^  Although  the  in.strument  last  described 
is  that  to  be  most  strongly  recommended  for  practical  sugar- 
work,  there  is  no  doubt  that  for  more  strictly  scientific  purposes 
the  Laurent  instrument  with  so^lium  flame,  is  for  many  reasom 
the  most  accurate." 

*  S«e  Landolti  Polaristope^  p.  155,  and  also  ZcUxhrift  da  Vereim  fUr  die 
ItOhoKtuekcT  IndwtrU,  Sept,  1881,  and  Jan.  and  Dec.  ISSO. 
t  Gamg^,  I^hy^  Chcm,  pp.  9  and  10. 
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826  The  following  is  a  short  description  of  the  method  adopted 
in  the  optical  analysis  of  a  cane-sugar  contained  in  a  solution  of 
beet-root  sugar,  which  it  may  be  assumed  does  not  contsdn  any 
appreciable  quantity  of  glucose,  the  instrument  used  being  a 
Soleil-Ventzke,  1°  on  the  scale  corresponding  to  0*26048  grms.  of 
sugar  in  100  cbc.  of  water. 


J?1G.  IM. 

The  modiis  (rperandi  is  as  follows  : 

26048  grms.  (in  case  of  a  Ventzke  instrument),  of  the  sample 
which  has  been  thoroughly  mixed  in  a  mortar,  are  weighed  out 
into  a  German-silver  dish  of  a  convenient  size  and  shape. 
From  this  the  sugar  is  washed  with  as  little  water  as  possible 
into  a  100  cbc*  flask,  exacUy  graduated. 
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Ab  soon  as  the  sugax  is  all  dissolved,  a  few  etc.  of  a  solution  of 
basic  acetate  of  lead  (the  amount  varies  with  the  nature  of 
the  sugar)  are  added,  and  about  2  cbc,  of  well  washed  Al^(OH)g 
in  water ;  the  former  solution  precipitates  a  great  part  of  the 
colouring  matter  present,  and  the  alumina  prevents  any  of  the 
very  finely  divided  lead  precipitate  from  passing  through  the 
filter,  and  thus  a  clear  and  bright  filtrate  is  obtained* 

The  volume  occupied  by  the  lead  precipitate  and  of  the 
alumioa  has  been  proved  to  be  insufficient  in  most  cases  to 
affect  the  true  polariscope  reading. 

The  use  of  animal  charcoal  for  preparing  a  sugar  solution  for 
the  polariscope  is  now  quite  given  up,  owing  to  the  fact  that  it 
absorbs  some  of  the  sugar  from  solution,  and  hence  too  low  a 

.reading  is  obtained. 

The  clear  filtrate  is  now  poured  into  a  glass  tube  of  exactly 
two  decimetres  in  length,  and  the  two  ends  closed  by  plane  glass 

.covers  held  on  by  brass  heads,  care  being  taken  not  to  screw  on 

I  the  heads  so  tightly  as  to  exert  more  than  a  very  gentle  pressure 
upon  the  cover-glasses,  otherwise  the  error  introduced  by  rotation 
due  to  strains  of  the  glass  may  be  considerable,  amounting  in 
some  cases  to  as  much  as  0"5 — 0"7  degree  on  the  Ventzke  scale. 

jThe  actual  reading  of  the  result  on  the  instrument  is  a  matter 
which  only  requires  experience  and  care*  With  a  good  half- 
shadow  instrument,  such  as  those  made  by  Schmidt  and  Haensch 
rf  Berlin,  and  an  ordinary  beet  solution,  a  practised  eye  should 
be  able  to  re^id  with  certainty  to  within  01  per  cent.  It  is  usual 
to  take  several  readings,  which  should  not  differ  by  more  than  02, 
the  mean  being  taken  as  correct.  It  is  also  well  each  time, 
before  using  the  instrument,  to  check  the  zero  point  of  the  scale. 
This  is  not  so  important  however,  with  the  half-shadow  instni- 
ments  in  which  a  monochromatic  flame  is  used,  for  in  this  case 
the  zero  point  can  only  he  affected  by  some  slight  displacement 
of  some  essential  portion  of  the  instrument,  whereas  in  the  case 
of  the  older  colour  instruments,  and  of  those  instruments  using 

r  a  white  light,  a  mere  change  in  the  gas* pressure  was  sufficient 

'  to  upset  the  zero. 

The  percentage  of  cane-sugar  thus  found  by  direct  readings 

,  ia  taken  for  trade  purposes  to  be  the  true  representation  of  the 

^amount  of  cane-sugar  present,  and  all  transactions  in  the  English 
and  Scotch  markets  are  based  on  this  assumption.  Doubtless  in 
many  cases  the  results  are  sufficiently  correct,  but  that  they 
cannot  bo  so  in  all  cases  will  be  seen  from  the  following;  list  of 
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other  active  substances  than  sugar  that  are  found  in  beet-roots, 
and  many  of  wLieh  find  their  way  into  the  raw  sugaxs  ; — 


Malic  Acid  ,  ,  ,  . 
Asparagin  and  Aspartic  Acid. 

Glutamic  Acid 

Invert  sugar  ♦  .  ,  • 
Beet^gum  ...  * 
Dextrin         .... 


Lae  vo-ro  t^tor J* 

Both  +  in  acid  and  —  in  alkaline 
solution. 


very  strongly. 


827  MslimaiioTi  of  Soluble  Ash  The  compounds  of  alkali  and 
other  metals,  which  occur  in  the  sugar  with  various  organic  and 
inorganic  acids,  are  known  as  soluble  ash.  The  importance  of 
ascertaining  the  total  quantity  of  these  constituents  isiudicated  by 
the  fact  that  they  influence  to  a  great  degree  the  amount  of  crystal- 
izable  sugar  wliich  can  he  obtained,  inasmuch  as  they  prevent 
the  crystallization  of  a  considerable  quantity  of  the  cane-sugar. 
In  practice  it  is  found  that  1  per  cent,  of  soluble  ash  prevents  5  per 
cent,  of  sugar  from  crystallizing.  For  this  determination,  about 
2grms.  of  sugar  is  placed  in  a  tarred  platinum  dish,  and  moistened 
with  pure  concentrated  sulphuric  acid,  then  charred  carefully, 
and  ignited  in  a  platinum  muffle  until  the  whole  of  the  organic 
matter  is  destroyed.  It  is  the  custom  in  the  trade  to  deduct 
xV  of  the  weight  of  ash  aa  roughly  representing  the  increase  in 
weight  due  to  the  replacement  of  the  various  acids  by  sulphuric, 
and  the  difference  multiplied  by  five  is  deducted  from  the 
percentage  of  sugar  obtained  by  the  sacchari meter. 

These  determinations  are  the  only  ones  needed  in  the  case 
of  high  class  beet-root  sugiirs.  In  certain  cases,  however,  of  low- 
class  samples,  the  amount  of  insoluble  ash  (silica,  &c.),  is 
determined,  and  this  deducted  from  the  weight  of  S4)]uble  ash. 
The  quantity  of  water  in  beet-sugar  is  also  sometimes  determined 
as  a  check,  but  it  does  not  enter  into  the  calculation  of  the  net 
value.  The  following  example  shows  the  result  of  an  analysis 
of  beet-sugar : 

Cane-sugar  (found  by  polariscojx?)     =  1)5'40  p.c. 
Sulphated  ash     ^  0  0230  less  \  +  0  0207  grms.  =  1^03  p.c. 
from  2  grms.  sugar 

Percentage  of  net  available  sugar,  95'4  —  (V03  x  5)  —  90*25. 

Such  a  sugar  would  probably  contain  about  three  per  cent, 
of  moisture,  and  0*5  per  cent,  of  organic  matter  not  sugar. 
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828  Analysis  of  CatmSwywr^,  J^^99^t  <£*^-  Estimation  cf 
CatiC'Siigar  and  Glucme.  In  this  case  the  amount  of  glucose  or 
invert'SUgar  present  has  to  be  estimated  as  well  as  that  of  the 
cane-sugar.  For  this  purpose  the  cane-sugar  is  estimated 
optically,  as  already  described.  The  invert-sugar  is  estimated 
by  Fdding*3  inMod.  Tliis  depends  on  the  fact  that  an  alka- 
line cupric  sohition  is  reduced  by  glucose,  the  point  at  which 
decolorization  of  the  standard  solution  occurs  being  ascertained. 
In  some  cases  the  weight  of  reduced  cuprous  oxide  is  ascer- 
[  tained,  but  in  general  the  simpler  volumetric  process  is  adopted. 

The  following  is  one  of  the  best  receipts  for  preparing 
Feb  ling  s  solution : 

(a)  Dissolve  34*639  grms.  of  ciystallized  copper  sulphate, 
powdered  and  dried  between  filter-paper,  in  20D  ebc.  of  hot  water. 

(b)  Dissolve  in  another  vessel  173  gnus,  of  pure  crystallized 
Roc  he  lie  salt  in  480  cbc.  of  pure  solution  of  sodium  hydrate 
of  sp.  gr.  1*14. 

Add  the  first  solution  tu  the  second,  and  dilute  the  clear  deep 
blue  liquid  to  1,000  ebc.  and  pour  into  a  stoppered  bottle  of 
dark  blue  glass.  In  such  a  bottle  the  solution  will  keep  for  a 
considenible  time  without  decomposing,  even  though  it  has  not 
been  boiled,  as  some  authors  recommend. 

The  solution  is  standardized  by  means  of  a  weak  solution  of 
invert-sugar,  2' 375  grms,  dry  powdered  cane-sugar  are  dissolved 
in  a  little  water  and  heated  for  a  few  minutes  to  GO°C  with 
a  few  drops  of  concentrated  sulphuric  acid.  The  solution  is 
then  cooled,  neutralized  with  sodiom  carbonate,  and  made  up  to 
500  cbc*  Each  10  cbc,  of  this  solution  contains  0'05  grm,  of 
invert-sugar,  and  should  be  capable  of  exactly  reducing  10  cbc. 
of  the  copper  solution. 

It  is  usual  to  take  10 cbc.  of  the  Fehling  solution  in  a  small  iiask, 
or  large  test-tube,  flilute  with  20  cbc.  of  water,  boil  and  titrate 
with  the  sugar  solution,  boiling  again  after  each  addition  of  the 
reducing  agent,  The  end  of  the  reaction  ia  indicated  by  a 
transition  of  the  colour  of  the  solution  from  a  pale  blue  to  a 
brown  colour.  The  point  may  also  be  confirmed  by  filtering 
off  a  few  drops  and  testing  with  an  acetic  acid  solution  of 
potassium  ferrocyanide. 

In  the  analysis  of  raw  sugars  containing  glucose  the  following 
method  is  adopted :  Of  the  solution  of  26  "048  gnns-  of  the  sugar 
in  100  cbc,  which  has  been  used  for  pohirizingj  25  cbc.  are  taken, 
a  slight  excess  of  sulphurous  acid  is  abided  to  remove  tlie  lead, 
197 
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and  a  little  precipitated  alumina;  the  whole  is  then  made  up  to  50 
or  100  cbc.  according  to  the  nature  of  the  sugar  (it  being  always 
desirable  to  have  a  solution  of  such  a  strength  that  10  cbc  contains 
somewhat  about  0  05  grm,  glucose).  The  solution  is  filtered 
and  10  cbc,  of  Fehling  titrated  by  it  From  the  number  of  cbc, 
used  the  amount  of  glucose  present  can  easily  be  calculated* 
It  is  in  this  case  supposed  that  1  per  cent,  of  soluble  ash  entaib 
a  loss  of  5  per  cent,  of  sugar.  But  the  glucose  present  also 
acts  in  a  similar  way,  1  per  cent,  of  this  substance  being  con- 
sidered to  prevent  1  per  cent  of  cane-sugar  from  crystallizing. 
We  thus  have  the  net  value  of  such  a  cane-jaggery  estimated 
as  follows : 

Cane-sugar  by  direct  reading  of  polariscope  =  7680 
Glucose  by  Fehling s  test    ...         ...         ...        9  04 

Sol.  ash  =  2  27  p.c.  x  5  -|-  11*35  +  9*04  =  20'3a 

Ket  ^  76  8  -  20*39  =  5641  px.  crystallizable  sugar. 

The  presence  of  uncrystallizable  sugars  does  not  interfere 
with  the  results  of  optical  analysis,  as  they  are  optically  in- 
active.* Oil  the  other  hand  the  organic  acids  and  other  bodies 
which  c>cciir  in  the  juice  are  some  of  them  dextro-  and  others 
laevo-rotatory.  In  addition,  beet-root  molasses  contains  rajfinose^ 
2C5jHj^Oy  -h  oH^O,  a  tasteless  crystalline  body  which  possesses  a 
more  powerful  dextro-rotatory  power  than  cane-sugar.*  Practi- 
cally it  appears  that  the  error  due  to  the  rotatory  power  of 
these  substances  h^is  been  found  to  lie  as  often  in  one  direction 
as  the  other,  and  in  few  cases  it  exceeds  1  to  2  per  cent.  For 
the  purpose  of  checking  this  reading,  the  inversion  niethod 
suggested  by  Clerget  is  the  best.^ 

Adulteraliom,  The  above  methods  are  suflScient  to  determine 
the  value  of  unadulterated  beet-  or  raw  cane-sugar,  but  if,  as  has 
happened  in  some  cases,  the  sugar  be  purposely  mixed  with  cheap 
commercial  glucose  or  maltose,  a  further  examination  is  neces* 
sary.  For  this  purpose  advantage  is  taken  of  the  fact  that 
freshly  prepared  solutions  of  dextro-glucose,  the  principal  con- 
stituent of  commercial  glucose,  when  allowed  to  stand  for  some 
hours,  or  when  gently  warmed,  lose  their  rotatory  power.  Thus 
a  sugar  adulterated  with  10  per  cent  of  a  solid  commercial 
glucose  (nnd  it  would  not  be  worth  while  to  add  less),  will  show 

^  OimiNie  and  I^borde,  CtnnpttM  Bendut,  bcxxiL  214.  417, 
■  l^iaseao,  BulL  Soc,  Chim,  nvi.  S65. 
*  Landolt,  rulariscopCf  187,  kc 
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a  difference  of  from  3**  to  4"  on  the  Ventzke  scale  between  the  first 
and  second  readings,  the  usual  proportion  of  26*048  grms.  in 
100  chc.  being  taken. 

Fur  other  methods  of  testing  for  and  determining  the  amount 
of  this  adulteration  we  may  refer  to  Tucker's  Manual  of  Sugar 
Analysis,  p.  287. 


Fi<i.  IS 7. 


829  Paycn'SchHUers  Method,     A  totally  different  method  of 
estimating  the  quantity  of  crystallizable   sugar  in  raw  cane- 
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sugar  is  that  proposed  by  Payen  and  modified  by  S*  heibler. 
Tliis  process  depends  upon  the  fact  that  if  raw  sugars  be 
treated  with  an  alcoholic  saturated  solution  of  cane-sugar  acidified 
with  acetic  acid,  the  colouring  matter  and  other  impurities, 
together  with  the  synip  and  other  uncrystallizable  constituents, 
are  removed,  wldlst  tlie  crysUilline  suj^ar  remains  unchanged. 
The  sugar  adhering  irom  the  alcoholic  liquid  is  then  washed  out 
by  pure  alcohol.  Fig.  137  shows  the  arrangement  used  in  this 
method.  Tlie  bottles  1,  2,  fi^  imd  4,  conUdn  the  alcoholic  sugar* 
wash  solutions  which,  in  Nos.  1  and  2,  consist  of  alcoholic 
acidified  and  saturated  solutions  of  sugar,  whilst  No.  3  contains 
pure  alcohol  of  85  per  cent,,  and  No.  4  absolute  alcohoL  The 
sugars  to  be  examined  are  placed  in  the  vertical  tubes,  washed, 
and  afterwards  dried  in  a  filter  pnmp.^ 

830  Fropcrti/:^  of  Caiie  Su^ar.  Pure  cane-sugar  crystallizes  from 
aqueous  S4jhition  in  hard  transparent  monocliuic  prisms  which 
grate  between  the  teeth,  and  when  broken  emit  a  bluish  light. 
Its  sjDecific  gravity  at  3°1)  is  1*593,  and  its  coefficient  of  cubic 
expansion  fmm  0"- — 100''  is  O'OlllG."  100  pBurts  of  the  saturated 
aqueous  solution  contain  at 

0'  10"         20*         30"         40*         50' 

65  0    6513     67  0     69*8     75-S     827  parts  of  cane-sugar. 

From  this  pjint  the  solubility  increases  rapidly,  so  that  in 
boihug  water  it  dissolves  in  ail  proportions. 

It  is  practically  insoluble  in  absolute  alcohol,  whilst  in  dilute 
spirit  it  dissolves  the  more  rapidly  according  to  the  quantity  of 
water  present,  but  not  into  direct  proportion  to  the  quantity  of 
the  latter,  as  a  weak  alcoholic  solution  contains  more  sugar  than 
would  be  dissolved  by  the  quantity  of  water  present,  whilst  a  liquid 
rich  in  alcohol  dissolves  a  less  quantity  of  sugar  than  is  propor- 
tional to  the  amount  of  water  which  it  contains*  If,  therefore, 
to  a  solution  of  cane-sugar  saturated  at  li''  an  equal  volume 
of  alcohol  be  added,  the  Uquid  remains  clear,  but  if  more  alcohol 
be  atided,  sugar  sepanites  out*  Scheibler,  who  has  investigated 
this  subject,  has  constructed  tables  showing  the  solubiHty  of 
sugar  in  alcohol  of  different  strengths^  a  subject  of  importance 
to  manufacturers  of  hqueurs.^ 

*  For  further  informfition.  Bee  Nichol,  Frts^niiL*  Zril^chr.  xiv.  180;  Stammer, 
Lfhrbuch  drr  Zuckcr/ahrikation  ;  R.  FniliHug  and  J.  Schulz,  UfUcrjue/tUfitfrn  t». 
Zftclcr  and  RoJistofe,  4:c,  (Vieweg,  1881)  ;  Lliipmaim,  Die  Zuckararten;  Widkol]; 
Jiakt,  Hahin  Zu^kcr/afirikatioHf  kc. 

*  Juule  and  Plavfair,  Chcni,  Soc.Joum.  L,  130. 
»  Jfcr.  J>cul»ch.  'Vkcm.  Qu,  t.  343. 
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Cane-sugar  melts  at  160** — 161"  and  on  cooling  does  not  again 
crystallize.^  If  kept  for  some  time  at  a  temperature  st.>mewhat 
above  its  melting' point,  it  becoineii  transformed  without  loss  of 
weight  into  a  mixture  of  equal  molecules  of  grape  sugar, 
GgH^jO^,  and  laovulosan^  CgHj^O^  (p.  547).^  If,  however,  sugar 
be  mtjfted  in  presence  of  a  small  quantity  of  water,  as  is  done 
in  the  manufacture  of  bonbons  and  barley-sugar  (in  the  pre- 
paration of  which  latter  barley-water  was  formerly  used),  a 
glassy  mass  is  obtained  on  cooling,  which  contiiins  meehaQically 
inclosed  water.  This  dissolves  a  small  quantity  of  the  sugar, 
and  deposits  it  again  in  the  crystalline  condition,  as  a  body  is  more 
soluble  in  water  in  the  amorphous  state  tlian  when  crystalline 
— and  this  goes  on  until  the  w*hole  ma^  becomes  crystalline. 
If  the  mass  he  broken  the  water  can  be  distinctly  recognized 
between  the  crj^stals.^ 

When  sugar  is  heated  above  its  melting  point  it  swells 
up,  owing  to  escape  of  water,  and  afterwards  turns  brow^n^ 
cammd  being  formed.  This  latter  is  a  mixture  of  several 
bodies,  of  which  what  little  is  known  is  due  to  the  re- 
searches of  Gelis,*  At  temperatures  below  100"*  caramcian^ 
CijHi^Ogj  is  principally  formed ;  this  i^  an  amorphous,  brittle, 
very  deliquescent  mass,  having  a  bitter  taste,  and  being  colour- 
less when  pure,  and  incapable  of  being  reconverted  into  sugar. 
At  a  higher  temperature  (about  210'' — 220*)  dark-coloured 
substances  are  produced  in  larger  or  smaller  quantity,  some  of 
which  are  soluble  and  others  insoluble  in  water  or  alcohol 
Caramel  is  also  formed  on  heating  starch-sugar  ;  and  prepared  in 
this  way  it  is  used,  under  the  name  of  "  colouring/'  for  tinting 
artificial  cognac,  rum»  &c. 

When  sugar  is  more  strongly  heated  certain  pecuUar  aromatic- 
smelling  products  are  given  off,  and  a  residue  of  porous  glisten- 
ing charcoal  remains  behind,  kno\vn  as  sugar-charcoaL  Amongst 
the  products  which  are  formed  in  the  dry  distillation  of  cane- 
sugar,  aldehyde,  acetic  acid,  «&c.,  have  been  found,  together  with 
carbon  dioxide,  carbon  monoxide,  and  some  mtirsh  gas.*  If 
sugar  be  distilled  with  quick-lime,  acetic  acid,  acetone  metace- 
tone,  CjH^^O,®  and  phorone,  Cgllj^O  (Vol  III,  part  I.  p.  572)  are 


*  Berzelint,  Pogff.  Ann,  xlvii  321. 

*  GeU«»  Compi.  Rand,  xlviii.  1062. 

'  Mitaeheiiioh,  PiMjij,  Ann.  U.  'I'lZ.  * 

*  Jnn.  Ohim,  Phy».  [3j,  Hi.  2tiO  ;  Ixv.  VJCk 

*  VOlckel,  Ann.  Chem.  Pkann,  Ixtxv.  51*;  Kaiser,  Jahrf»h.  1862,  472. 

*  Gottlieb,  Ann,  Chem,  Fkamu  lii.  127  ;  Schwarat,  tA.  Ixxvi  292, 
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formeJ,^  and  amongst  the  gases  evolved,  acetylene  and  its 
horaolo;^£*s  occur.*  Metacetone  is  a  pleasantly-smelling  liquid 
which  boils  at  84°,  and  is  oxidized  by  chromic  acid  solution 
to  carbon  dioxide,  and  acetic  and  propionic  acids. 

Dry  sugar  is  carbonized  by  concentrated  sulphuric  acid  only 
on  warmiDg,  whilst  a  concentrated  syrupy  solution  is  acted  on 
in  the  cold;  the  sugar  blackens  and  swells  up  enormously, 
carbon  monoxide,  carbon  dioxide,  and  sulphur  dioxide  are 
evolved,  and  charcoal  remains  behind.  On  heating  with  strong 
hydrochloric  acid  a  similar  action  occurs. 

When  sugar  is  boiled  with  pure  water  it  does  not  undergo 
change;  in  the  presence  of  acids,  however,  it  is  transformed  into 
invert-sugar  (p.  545).  This  inversion  is  efibcted  even  by  car- 
bonic acid,  taking  place  very  slowly  in  the  cold,  as  is  the  case 
also  when  other  dilute  acids  are  employed*  If,  however,  a  larger 
solution  saturated  \nth  carbon  dioxide  be  heated  in  a  closed 
tube  for  a  few  hours  to  100°  the  conversion  is  at  once  completed* 

When  sugar  is  heated  with  water  to  IGO**  it  is  decomposed 
with  formation  of  formic  acid,  carbon  dioxide,  and  charcoal*  At 
a  temperature  of  280"*  the  two  last-named  products  are  formed 
together  with  some  pyrocatechin,  CgHgO^j  a  derivative  of 
benzene,  C^H^.* 

Cane-sugar  is  not  carbonized  when  heated  with  caustic  potash 
solution,  and  does  not  precipitate  cuprous  oxide  from  an  alkaline 
copper  solution.  If,  however,  to  an  ammoniacal  silver  solution 
cane-sugar  be  added,  and  then  some  caustic  soda,  a  mirror-like 
deposition  of  silver  takes  place  on  warming.* 

If  sugar  be  triturated  with  eight  parts  of  lead  oxide  the 
mixture  takes  fire.  When  fused  with  caustic  potash  it  yields 
formic  acid,  acetic  acid,  propionic  acid,  oxalic  acid,  acetone  and 
metacetone  (Gottlieb). 

When  yeast  is  added  to  a  solution  of  cane-sugar  no  immediate 
fermentation  is  produced,  but  this  takes  place  on  standing,  as 
invert-sugar  is  then  formed,  and  this  is  then  acted  upon  by  the 
ferment.  Sugar  acts  as  an  anti- putrescent,  and  is  therefore 
used  in  the  preservation  of  fruit. 

831  Metallic  Compo-unds  of  Sugar.   Cane-sugar  combines  with 


*  BLiieJiet,  Ann,  Cftrm,  Pharm  clxiL  304, 
»  HerthelQt,  Jahresk  1858.  220. 

*  Voii  Lippmnnn,  Ber,  DcuUcK  Chcm,  Qa.  xiii.  1822* 

*  Loew,  Zcitfich,  Citcm.  18(17,  510, 

*  Salkowski,  Hoppe-S«ylcr'B  ZciUch,  Phys,  Chem.  in  188* 
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various  oxides  anJ  hydroxides,  forming  compounds  the  exact 
constitution  of  wliieb  has  not  as  yet  been  determined.  These 
eomponoda  are  probably  formed  by  the  replacement  of  hydrogen 
in  hydroxyl  by  the  metal,  and  they  have  usually  been  termed 
sacchiirates,  but  as  this  Dame  is  also  used  to  designate  the  salts 
of  saccharic  acid,  it  is,  therefore,  convenient  to  adopt  for  the 
compounds  at  present  under  consideration  the  French  term  of 
sucrates, 

Sodimn  Sucrate^  Q^^^y^oD^^,  separates  as  a  semi-fluid  mass 
on  the  a<Jditiou  of  a  concentmted  solution  of  caustic  soda  to  a 
solution  of  sugar  iu  alcohol  j  the  reaction  is  accompanied  by  an 
evolution  of  heat  After  washing  with  alcohol  and  drying  in  an 
atmosphere  of  carbon  dioxide  it  forms  a  translucent  friable  mass, 
possessing  a  strongly  alkaline  taste,  and  dissolving  readily  in 
water*  The  aohition  is  decomposed  by  carbon  dioxide,  sugar 
being  again  formed,^ 

The  corresponding  potassium  exhibits  exactly  analogous 
reactions* 

Ammonmm  Sucrate,  Ci^H^^CNIIJOj^.  Sugar  absorbs  dry 
ammonia,  and  is  transformed  into  a  viscous  mass  which  contains 
472  per  cent  of  ammonia,  this  corresponding  to  the  above 
formula.  On  exposure  to  air  the  ammonia  escapes,  and  sugar 
is  left  behind,- 

Stwraks  of  Cahiam,  At  the  close  of  the  last  century,  Lowitz 
noticeil  the  fact  that  lime  dissolves  readily  in  an  aqueous  sugar 
solution,  the  amount  of  lime  dissolved  depending  upon  the 
strength  of  the  sugar  solution,^  and  also  upon  the  temperature,* 
being  the  greater  the  more  sugar  is  present,  but  diminishing 
with  the  increase  in  temperature  of  the  liquid.  This  fact  being 
explained  by  the  behaviour  of  the  sucrates  as  described  below. 

This  solution,  which  has  an  alkaline  and  bitter  taste,  may  be 

used  instead  of  soda  solution  in  volumetric  analysis  (Peligot), 

and  it  is  also  used  in  medicine.     The  liquor  calcu  sacckaratiis  of 

the  pliarmacopana  is  prepared  by  digesting  together  one  part  of 

slaked  lime,  two  parts  of  sugar,  and  twenty  parts  of  water.     The 

mixture  is  filtered,  after  standing   for  a  few  hours;   and  the 

filtered  liquid  contains  one  part  of  lime  to  sixty-five  parts  of  the 

solution.     It  is  administered  in  cases  of  chronic  sickness  and  of 

sickness  durtng  pregnancy. 

'  Soul*eimn,  Joftm,  Phartn.  [3].  i.  64!) ;  Brendeckc,  Arch,  Pharm.  [2],  xxix.  71. 
5  Bt:rztjUua,  Traits  Chrm.  v.  239. 

»  Faiigot,  C&mpl,  Bend,  xxxii.  335  ;  Berthelot,  Ann.,  Cldrn.  Phys,  [3],  advl 
17S.  *  Dubmnfaiit,  Cutnpi,  Ecnd.  xxxiL  4k^8. 
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The  cak'iura  sucrates,  or  saccbarates  of  lime  as  they  are 
corn  moil!  y  called,  which  play  so  itoportaiit  a  part  in  the  stigar 
matiutactarei  were  first  more  closely  exaiiiined  by  Peligot '  and 
by  Soubeiran.^ 

Monocalcium  Sucrate,  or  Monohasi4^  Sacckaraic  of  Litm, 
Ci^HjjO^^+CaO,  or  0^^3^^(GhD\{)0^^,  is  thrown  down  aa  an 
amorphous  precipitate  when  alcohol  is  added  to  a  solution 
cotitaimng  equal  moleculcH  of  sugar  and  lime»  When  dried  in 
an  atmosphere  of  caibon  dioxide  it  forms  a  white,  brittle,  easily 
friable  mass.  To  prepare  the  pure  salt,  a  sugar  solution 
containing  an  excess  of  lime  is  treated  with  niagneaium  chloride, 
when  magnesium  hydroxide  is  precipitated,  and  the  monobasic 
saccharate  remains  in  solution  and  is  then  precipitated  by  the 
addition  of  alcohol^  Monocalcium  sucrate  dissolves  readily  in 
coid  water.  On  boiling  the  solution,  the  tribasic  saccharate 
separates  out,  but  dissolves  again  on  cooling. 

mcaldnm  Sucrate,  C^2H220,i42CaO,  or  C^gH^^fCaOH)^^^,  is 
obtained  when  a  solution  of  sugar  is  treated  with  an  excess  of 
slaked  lime  and  the  filtrate  precipitated  by  alcahoL*  It  separates 
from  its  hot  concentrated  aqueous  solution  on  cooling  in  white 
crystals/  and  dissolves  at  the  ordinary  temperature  in  thirty-three 
parts  of  water,  but  is  more  readily  soluble  in  sugar  solution,  and 
the  aqueous  solution  comports  itself  at  the  boiling  point  as  does 
that  of  the  monobasic  compound. 

Tficulciimi  SiicraU,  Ci.H^^Oi^  +  3CaO,  or  CijH^gCCaOH),,©,!, 
The  formation  of  this  compound  has  already  been  described. 
It  is  obtained  as  a  paste  resembling  coagulated  albumen,  and 
must  be  filtered  hot  and  w^ashed  with  hot  water.  When  dried 
it  fonns  hard  brittle  masses  containing  three  molecules  of  water. 
If  powdered  caustic  lime  be  added  to  a  sugar  solution  containing 
alcohol,  beat  is  evolved,  and  after  standing  sixteen  hours  the 
sugar  and  the  lime  have  combined  to  form  a  gnxnular  mass  of 
the  tribasic  sucrate."  It  requires  more  than  100  parts  of  cold 
water  for  solution,  and,  on  boiling,  one-half  of  the  salt  separates 
out.  It  dissolves  readily,  however,  in  sugar-water*  When 
boiled  with  alcohol  it  is  converted  into  the  anliydrous  hexabasic 
saccharateJ 

*  Ann.  Chnn,  Fharm.  xxx.  71 ;  /oc.  dL  \  Cmnpt.  Mend.  Ux,  &30. 
^  Ann.  Chem,   Phnrm.  xliii.  229, 

'  Benedict,  Bet,  DetdscK  Chan,  Ots.  vi,  41S. 

*  Pelome,  Jahresk  1S64,  572. 

'  Boivin  and  Loiseau,  Ann   Chim,  Phys,  [4],  vi  20D, 

*  Neue  ZeitscK  Ruhcnsvieker^  ui,  178. 
^  D6011,  Bull.  Chim  xril.  155. 
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StrotUium  SiwraU^  Q^^Ji^rO'S)^^^  When  Btroritiiim 
hydroxide  is  added  to  a  boiling  15  per  cent,  solution  of  sugar, 
tli8  abiwe  compound  begins  to  separate  as  soon  as  more  tlian 
[two  molecules  of  strootia  have  entered  into  solution  to  each  mole- 
c\ile  of  sugar  present.  When  two  and  a  half  molecules  of 
strontia  have  been  added,  almost  the  whole  of  the  sugar  is 
precipitated.  Prepared  in  this  way  it  forma  a  granular  pre- 
cipitate, which  may  be  easily  washed  with  hot  water.  If 
suspended  in  boiling  water  and  allowed  to  cool,  it  decomposes 
slowly  into  its  constituents^  If,  however,  its  solution  be  heated 
with  strontia  under  pressure  above  100"  higher  basic  compounds 
are  obtained  (Scheibler). 

Barium  JSucrate,  Ci^H^(BaOH)Oj^.  If  a  Imt  solution  of  one 
part  of  caustic  baryta  in  tiiree  parts  of  water  be  mixed  with  the 
synipy  solution  of  sugar  obtained  by  dissolving  two  paiis  of  sugar 
in  four  parts  of  water  the  liquid  si>lidifies  to  a  crystalline  mass. 
After  washing  with  cold  water  and  drying  in  an  atmosphere 
free  from  carbon  dioxide,  the  salt  is  obtained  in  glistening  scales 
resembling  those  of  boric  acid*  These  have  an  alkaline  taste, 
and,  like  the  preceding  compounds,  are  decomposed  by  carbon 
dioxide,  sugar  being  again  formed.^ 

The  compounds  of  sugar  with  the  alkalis  and  alkaline  earths 
dissolve  many  bodiea  which  are  insoluble  in  water,  especially 
metallic  oxides,  as,  for  instance,  oxide  of  iron,  oxide  of  copper, 
&c.,*  whilst  the  salts  of  these  metals  in  the  presence  of  sugar 
are  not  precipitated  by  alkalis.^  A  solution  of  lime  in  sugar- 
water  also  dissolves  carbonate,  phosphate,  and  oxalate  of  lime.* 

832  Sucrates  of  Lead,  By  digesting  lead  oxide  with  a  sugar 
solution  Berzelius  obtained  the  compound  Ci2H2^,On  -f  2PbO,  or 
Ci2Tl2o(PbOH)20jp  and  when  the  lead  oxide  is  present  in  excess 
all  the  sugar  is  precipitated,"^  This  compound  is  siho  formed, 
according  to  Peligot,  when  sugar  solution  is  precipitated  with 
ammoniacai  lead  acetate,  and  the  gelatinous  precipitate  thus 
obtained^  dissolved  in  boiling  water  and  the  solution  allowed 
to  cool,  the  disaccharate  separating  out  either  in  crystalHne 
warty  masses  or  in  needles.  It  is  insoluble  in  water,  but  dis- 
solves readily  in  lead  acetate  solution.     According  to  Peligot 

*  Peligot,  Atm,  Chim,  Ph^fs,  [2]^  IxtU,  125  ;  •Malso  Stem,  Ann,  Chem,  PftaTu\ 
XXX.  82. 

*  Hunton,  Jonm,  Prakt,  Chmn,  xL  413;  EoderbtDder,  Jahresh.  1865.  600. 

*  Iji>isaigiie,  Cutnfit.  Rtnd.  xiv.  691  ;  Grotlje,  Jaum*  PrakU  Cfiern,  xcii  176t 
^  Bobbie  re,  Ann.  Ghcm.  Pfinrttt.  Ixxx.  344* 

*  Dubranfaut,  Cotnpt,  KauL  jrxxii.  4l>8. 
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this  compouod  has  the  formula  C^^Hj^^PbgO^,  but  the  above 
formula  given  to  the  compound  by  Berzelius  has  been  verified 
by  the  researchea  of  Mulder,  who  has  also  shown  that  this 
substance  loses  a  molecule  of  water  when  heated  to  165"",^ 

When  caustic  soda  solutiou  is  added  to  a  solution  of  sugar 
aud  lead  acetate,  the  tribasic  saccharate  Ci^HiflPbgO^j  is  pre- 
cipitated ;  this  is  somewhat  soluble  in  boiling  water  and 
dissolves  readily  iii  caustic  potash.  It  is  also  easily  soluble 
in  8U£;ar- water,  and  from  this  solution  the  tribasic  compound 
separates  in  needles  (Boivin  and  Loiseau). 

Lead  is  attacked  by  sugar  solution,  slowly  at  the  ordinary 
temperature  and  more  quickly  at  the  boiling  point,  the  lead 


passing  iuto  solution.  Copper  and  zinc,  on  the  other  hand^  are 
but  slightly  acted  upon  by  sugar  solution.^ 

Sticrales  of  Iron,  Difficulty  has  often  been  experienced  in 
carrying  raw  sugar  in  iron  ships,  as  it  has  bt^en  found  that  the 
liquor  leaking  from  the  casks  attacks,  and  rapidly  corrodes,  the 
iron  plates.  Moreover,  it  is  a  common  observation  in  sugar 
re&neries  that  the  iron  portions  of  machines  are  rapidly  acted 
upon,  or  even  completely  dissolved,  by  the  sugar  solution* 
J,  H.  Gladstone,*  who  has  investigated  this  subject,  has  found 
that  when  a  piece  of  iron  is  partially  immersed  in  a  solution 
of  sugar  it  is  quickly  attacked  at  the  point  of  contact  with  the 
liquid,  ferrous  oxide  passing  into  solution.  This  afterwards 
absorbs  atmospheric  oxygen  and  is  precipitated  as  ferric 
oxide,  whilst  the  sugar  solution  attacks  a  fresh  portion  of  the 
iron.  The  sugtir  thus  acts  as  a  carrier  of  oxygen,  and  a  small 
quantity  of  it  is  sufBcieut  to  corrode  deeply  a  large  plate  of 
iron.  The  solution  of  ferrous  sucrate  is  of  a  dark  reddish- 
brown  colour,  and  has  the  taste  of  the  other  ferrous  salts.  It  is, 
however,  not  decomposed  by  alkalis,  but  sulphuretted  hydrogen 
precipitates  the  iron  completely  as  sulphide  leaving  pure  sugar 
in  solution. 

In  order  to  isolate  the  sucrate,  Gladstone  allowed  iron  to 
remain  in  contact  with  sugar  solution  in  a  warm  place  for 
eighteen  months,  when  the  whole  became  dry.  This  mass 
gave  with  water  a  tasteless  solution,  which  possessed  only  a 
alight  aftertaste  of  iron.  It  is  not  so  readily  altered  in  presence 
of  oxygen  as  is  the  compound  before  described.     The  determi- 

A  Jmrn.  Prakt,  Chan.  x'vk.  187 

^  OljidHtono,  Qiuirt.  Journ.  Chem^  Soc*  rn,  195. 

>  ^imH,  Jaum,  Chem,  Sae  vii,  193. 
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nation  of  iron  gave  the  formula  C^gHao^eOip  but  Gladstone 
is  himself  in  doubt  as  to  whether  be  was  dealing  with  a  pure 
compound*  The  same  chemist  found,  further,  that  the  presence  of 
sodium  cliluride  and  other  salts  does  not  accelerate  the  corrosive 
action  of  sugar  on  iron,  and  that  in  fact  the  presence  of  these 
salts  has  no  iutluence  whatever  on  the  reaction. 

833  Compou lids  of  Sugar  with  Sa Its,  By  o vaporatin g  a  solution 
of  sugar  with  common  sidt,  Peligot  in  1839  obtained  deliques- 
cent crystals,  which,  on  analysis,  he  found  to  be  a  compound 
of  equal  molecules  of  the  two  bodies,  Blondeau  de  CaroUes 
then  examined  a  similar  body  which,  however,  contained  water 
of  crystallization,  of  the  presence  of  which  Peligot  made  no 
mention.  Neither  Mitscherlich  nor  other  chemists  couM,  how- 
ever, obtain  either  of  these  bodies,  and  the  existence  of  this 
compound  was  held  in  question  until  Manraen^  *  and  Gdl* 
succeeded  in  again  obtaining  it.  For  its  preparation  85 
paits  of  sugar  aufl  15  pixrta  of  common  salt  are  dissolved  in 
water  and  the  Snlutiun  allowed  to  evaporate  over  sulphuric 
acid.  It  has  the  composition  0^2^22^11  +  NaCl  -f  2H2O,  and 
crystallizes  in  rhombic  prisms  very  readily  soluble  in  water, 
but  deliquescent  only  in  very  moist  air.  GiU  in  one  pre- 
paration accidentally  obtained  crystals  of  the  composition 
2Cj4H.^pji-|-3NaClH-4H20,  but  he  could  not  obtain  these 
again. 

In  addition  to  the  above,  the  following  compounds  are  known : 


C,fiJJn  4-  KCl  +  2H,0 

2Ci2H..,0„  -h  3NaI  +  SH^O 
3C,,H,,0,j  +  Na,B,0,  +  4H,0 
C12H03O11  +  CuSO^  +  2H,0 


rhombic   non-   deliquescent 

crystals.^ 
large  monoclinic  crystals** 
large  crystals,^ 
small  blue  crystals.^ 


Ethkbeal  Compounds  of  Sacchabose. 

834  Cane-sugar  contains  eight  hydroxyls  the  hydrogen  of 
which  can  be  replaced  by  acid  radicals, 

TetrmiiiTOxymcchwrose,  ^'i'fii^{]^O^S^^*  This  compound , 
which  is  also  termed   nitro-sugar   or  fulminating  cane-sugar, 

^  Bull.  Soc,  Chim,  XV,  1.  *  Journ.  Chem,  Soe,  [2],  iz.  20», 

'  Maurnene,  BnlL  Soc.  Chint.  lix,  289,        *  GiU,  loc,  eU. 

*  SturoiilHTg,  Ann.  Chim.  Pharm,  xviii.  279. 

*  BiirrcswU,  */bwnu  Fharm,  [3J  vii  29* 
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is  obtained  by  acting  on  sagos  with  a  mixture  of  concentrated 

nitric  and  sulphuric  acids  and  is  a  resinous  mass  iiiaohible  in 
cold  water.  At  a  low  temperature  it  is  brittle,  but  at  the 
ordinary  atmosphere  temperature  it  forms  an  elastic  mass  which 
can  be  drawn  out  into  tine  threads  exhibitiug  a  tine  silky  lustre. 
It  detonates  when  touched  with  a  glowing  body,  and  explodes 
on  percussion.  It  is  readily  soluble  in  sulphuric  acid,  in  strong 
nitric  acid,  in  alcohol,  &c.  The  formula  above  given  for  this 
body,  although  probable,  has  not  as  yet  been  definitely  lixed-^ 

Monaceto-mcckurose,  CiJl^^(CM<fi^Oj^^,  is  formed  when  2 
parts  of  sugar,  1  part  of  acetic  anhydride,  and  6  to  8  parts 
of  glacial  acetic  acid  are  heated  together*  On  then  adding 
ether,  the  acetate  is  precipitated  as  an  amorphous  mass,  wbicli 
is  soluble  in  water  and  alcohol,  and  has  a  tiuste  which  is  at  the 
same  time  slightly  sweet  and  bitter.  When  its  ethereal  solution 
is  evaporated,  an  amorphous  residue  is  obtained,  consisting  of 
a  mixture  of  the  tetracetate  and  the  pentacetate.^ 

When  sugar  is  heated  with  an  excess  of  acetic  anhydride,  or 
with  a  mixture  of  sodium  acetate  and  the  anhydride,  the  hex- 
acetate  and  the  octaeetate  are  formed.^  These  likewise  are 
resinous  bodies  insoluble  in  water.  They  are  saponified  by 
potash  solution  with  re- formation  of  cane-siigan^ 

Pammccharose,  G^^H^z^j^.  If  a  solution  of  sugar  to  which 
ammonium  phosphate  is  added  be  allowed  to  stand  exposed 
to  the  air  a  peculiar  fermentation  sets  in  and  parasaccharose 
is  formed,  together  with  an  amorphous  deliriuescent  glucose. 
Parasaccharose  is  dextro-rotatory  and  forms  small  crystals  which 
dissolve  readily  in  water,  but  are  insoluble  in  absolute  alcohoh^ 


MILK  SUGAR,  C.^B^^O^,, 

835  Milk  sugar,  occurring  in  the  railk  of  mammalia,  especially 
in  that  of  the  herbivora,  was  first  examined  in  1619  by  Fabrizio 
Btu*toletti  and  termed  by  him  TJiaima  s,  jiitrum  seH  lactis.  It 
was  more  closely  examined  by  Ludovico  Testi,  who  in  his 
Rclazione  comerTieuie  it  Z'uccaro  di  Latte,  publislied  in  1698, 
recommends  it  as  a  valuable  medicine. 

1  Sehonbein,  Fogg.  Ann,  \xx.  100  ;  Sobrero,  CvmpL  Hend.  xjtv.  122  ;  Thomp- 
soa,  P/tarwi.  Journ.  Tmnj,  viii.  165  ;  Keinsch,  Jakrk  Fi^LPharm^  xviii.  102; 
A,  and  W.  Knop,  Jmtm,  Praki.  Chrm.  Ivi.  834. 

*  Scbutzeaberger  ftnd  Naudin,  Bull,  Soc,  Chim,  xti,  207* 
»  Men;IV*Id,  Bcr,  Dtmtsch,  Chem.  Gts,  Juii.  267, 

*  Bcmole,  ib.  xii.  1936.  *  Jodin,  Cmnpks  Hend.  liii*  1252. 
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Accoitliiig  to  Bouchardat,  milk-sugar  occurs,  together  with 
cane-sugar,  iu  Sai}Qta  aehrm,  a  West  Indian  tree,  also  grown 
in  oilier  tropical  countries  for  the  sake  of  its  fruit.  Its  milky 
sap  in  addition  yields  caoutchouc.  Bouchardat  examined  a 
sugar-hke  substance,  found  amongst  other  specimens,  with  the 
label,  "  Sucre  oHenu  dc  sue  da  mpotillkr,  Martinique,  1837/' 
and  proved  that  it  contained  both  sugars.  From  the  ripe  fruit, 
wtiich  he  procured  from  Cairo,  he  obtained  a  sugar  which,  like 
milk-sugar,  is  transforniL^d  on  oxidation  into  mucic  acid,  but 
which  does  not  crystallize.  Boucliardat  therefore  beUeved  that 
the  milk  sugar  is  derived  from  the  milky  sup.^ 

Milk-sugar    is  prepared    in    large    quantity,   especially   in 

Switzerland,  from  whey,   this   being   simply  evaporated   to  a 

Isyrup,  and  allowed  to  stand  in  a  cold  place.     It  is  purified  by 

re-crystallization,  string  or  splinters  of  wood  being  placed  in 

the  solution^  round  wiiich  the  crystals  are  deposited. 

Commercial  milk-sugar  contains  small  quantities  of  other 
'organic  bodies  and  salts.  In  order  to  purify  it  is  recrystalhzed 
and  precipitated  several  times  from  aqueous  solution  by  the 
^addition  of  alcohol 

Pure  milk-sugar  forms  large  transparent  rhombic  crystals, 
which  contain  one  molecule  of  water  of  crystal! izatioiL  It  has 
at  3 •''9  a  specific  gravity  of  1*534  and  its  co-efficient  of  cubic 
expansion  from  0°  to  100' is  O'OODll  (Joule  and  Playfair).  It 
dissolves  in  6  parts  of  cold  and  2  5  parts  of  hot  water  and  has  a 
much  less  sweet  taste  than  cane-sugar.  In  alcohol  it  is  insoluble. 

If  its  aqueous  solution  be  rapidly  boiled  it  suddenly  solidities 
to  a  porous  mass  consisting  of  small  crystals  of  the  anhyilrous 
coinpouiid.^  This  dissolves,  with  slight  reduction  of  temj^ra- 
ture,  in  as  little  as  3  parts  of  cold  water,  and  from  this  solution 
crystals  of  tlie  hydrateil  variety  are  quickly  deposited. 

When  liydratL'd  inilk-sugnr  is  heated  to  130°  it  loses  its  water 
of  crystallization  and  a  white  amorphous  hygroscopic  mass 
remains,  which  dissolves  iu  water  with  an  increase  of  tempera- 
ture. If  this  solution  he  boiled,  4  parts  of  milk-sugar  still 
remain  in  solution  at  111°,  but  at  115^  the  liquid  sohdilies  to 
a  mass  of  the  crystalline  anhydrous  stigar  (Erdmann), 

These  isomeric  modifications  differ  amongst  themselves  in 
their  optical  properties. 

^  BuIL  Soc,  Chim.  [21,  xvi.  86 ;  Hirfmeister,  Hoiipe-S«yler'«  ZeiUek  PhyiioL 
^Chem.  I  107(orl01). 

*  Sdunogeu,  li^r,  JkiUxk,  Chmti*  Ou,  Jtiii,  1915 ;  Erdmann,  ib.  2180. 
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When  milk-sugar  i&  heated  above  130**  it  acquires  a  yellow 
colour  aod  at  180''  it  becomes  brown,  with  formation  uf 
amoqjhuus  lactocai'amel  and  separation  of  water. 

Milk-sugar  also  becomes  brown  on  heating  with  alkalis  and 
it  reduces  alkaline  copper  solution.  Whtu  heated  with  am- 
moniacal  silver  solution,  the  reduced  metal  forms  a  mirror-like 
deposit,  and  this  reaction  is  used  for  silvering  glass.  When 
heated  with  water  mUk-sugar  begins  to  decompose  at  lOS^ — 
11 0^  and  at  higher  temperatures  it  yields  the  same  products 
of  decomposition  as  are  found  in  the  case  of  cane-sugar 
(Hoppe-Se}der). 

Wlien  placed  in  contact  with  whaler  and  sodium  amalgam 
it  yields  dulcite,  maimite,  Lsopropyl  alcohol,  and  secondary 
hexyl  alcoboL  If  boiled  with  dilute  sulphui'ic  acid  it  splits 
up  into  ei^ual  molecules  of  galactose  and  grape-sugar,  water 
being  eliminated.  When  heated  with  aqueous  oxalic  acid  to 
100**  it  is  unatlected,  thus  difforing  from  cane-sugfir,  and  by  this 
reactioQ  the  presence  of  the  latter  in  a  mixture  of  the  two 
sugars  can  be  detected.^ 

Milk-sugar  does  not  undergo  fermentation  in  the  presence 
of  pure  yeast,  but  it  is  decomposed  by  certain  schitzomycetes 
yielding  alcohol  and  lactic  acid,*  the  well-known  intoxicatiiig 
drink  of  the  Tartars  called  koumiss  being  made  from  mare*s 
milk.'  A  similar  drink  is  now  prepared  in  Loudon,  Switzerland, 
and  other  places  from  cow's  milk,  and  much  used  as  a  dietetic 
for  invalids.  A  sample  of  koumiss  prepared  in  Davos  was  found 
on  analysis  to  possess  the  ful lowing  composition  : — 


Water 

Alcohol 

Lactic  acid    . 

Sugar 

Albuminates 

Butter 

Salts 

Carbon  dioxide 


3'210 
0190 
2105 
I'SGO 
1'7H0 
0-509 
0177 

100177 


Old  Russian  koumiss  contains  more  lactic  acid  and  no  sugar.* 

*  Boudiardat,  Jim,  Chim.  Phys,  [I],  xxvii.  75, 
'  IjoHu,  FrescDiua's  Zaitfch,  xviii.  107. 

'  For  it8  preparfttioii,  ^vtt  Pogq.  Ann.  xxxii,  210. 

♦  &uter-Nftef,  Ber.  Deatach.  Ckcm,  Oct.  v.  28*3. 
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Milk-sugar  is  used  for  various  purposes  in  medicine.  Its 
aqueous  solution  mixed  with  cow's  aiilk  in  certain  proportions 
forms  the  essential  feature  of  the  artificial  mother's  milk  now 
tnucli  in  vogue.  Human  m^ilk  contains  on  an  average  4  per 
cent  of  milk-sugar* 

836  MdaUk  Gompoumk  of  Miik'Sugar.  Milk-sugar  unites 
with  the  alkalis,  the  alkaline  earths  and  lead  oxide,  forming  com- 
pounds which,  like  those  of  cane-sugar,  dissolve  readily  in  water, 
hut  are  insoluble  in  alcohol.  Like  cane-sugar  it  also  prevents 
the  precipitation  of  copper  oxide,  iron  oxide,  &c. 

Ethereal  Cotnpomid^  of  Milk-Sngar.  Milk-sugar,  like  cane- 
sugar,  contains  eight  hydrogen  atoms  which  are  capable  of 
replacement  by  acid  ra<licals. 

Mtroxi/lactose.  If  milk-sugar  be  brought  into  a  cold  mixture 
of  concentrated  sulphuric  and  nitric  acids  and  water  be  then 
added,  a  precipitate  is  formed  which  crystallizes  in  glistening 
scales  from  solution  in  alcohol.*  According  to  Sokolow  this  is 
pcntanitroxykidose,  C^^^^^ji^O^)^^^^;  it  melts  at  14U'  and 
when  the  temperature  is  raised  to  156*  it  explodes.  At  the 
same  time  amorphous  irinitroxylactose^  C^^H^^(NO^)fi^^,  is 
formed;  a  body  melting  at  37"*  and  at  110°  decomposing  with 
a  powerful  detonation.* 

Octacefolactose,  G^Jri^JiQ.^^0^^^^,  is  formed  by  heating  milk- 
sugar  with  acetic  anhydride  and  precipitating  the  solution 
with  water,  when  tetracetolaciose  remains  in  solution  and  when 
dried  forms  a  white,  deh(|uescent  granular  powder.*  Tlie  octo- 
compound  is  also  obtained  by  heating  milk-sugar  together  with 
the  anhydride  and  anhydrous  sodium  acetate  to  lOO''.*  It 
crystallizes  from  a  mixture  of  alcohol  and  ethyl  acetate  in 
rectangular  tablets,  and  on  saponification  agiun  yields  milk- 
sugar.  According  to  Demole,  octacetolactose  is  also  formed 
by  the  employment,  instead  of  milk-sugar,  of  a  mixture  of 
grape-sugar  and  galactose  obtained  by  the  action  of  boiling 
dilute  sulphuric  acid  on  milk-sugar.  Thus,  it  would  appear 
that  two  ghicoses  may  be  re-united,  with  elimination  of  water, 
to  form  milk-sugar.^ 


^  Reinsch,  Jahre^b,  18I&,  470  ;  Yolil,  Ann.  Ottm.  Phaiin,  Ixx,  3ij2. 

*  C/uiii.  CeiUraW.  188'i,  170, 

*  Si^hutzenb^rgLT  and  Nauiliri,  Bull,  Soc,  Chim,  xii.  208. 

*  Her*feld,  Ber.  DaOnch,  Chcm.  Ocs.  itiii.  ^60, 

*  Ber.  BcuUc/i.  Chem,  Qcs,  lii.  l&3fi. 


534 


CARBOHYDRATES. 


Melitose,  C^gHjja^u  +  SHjO* 

837  This  compound  forms  tlie  Australian  manna  which  exudes 
in  drops  from  the  Eiicalypiiis  viajini/era  and  other  species  of 
eucalyptus  occurring  in  Tasmania  where  it  is  collected.  It  was 
first  examined  by  Juhnston  in  184*3,  who  assigned  to  the 
eucalyptus -sugar  the  foruiula  Cj^H^Oj^  and  also  showed  that 
it  contains  water  of  crystallization,^  whilst  Berthelot,  who  studied 
it  more  closely  in  1856,  gave  it  the  name  it  jujw  bears.^ 

For  the  preparation  of  melitose,  the  manna  is  dissolved  in 
hot  water,  the  solution  ciarified  by  animal  charcoal,  and  the 
filtered  solution  then  allowed  to  crystallize.  It  forms  fine  felted 
needles,  which  give  up  two  of  their  molecules  of  water  at 
100''  and  the  remaining  one  at  ISO"",  becoming,  however,  at  this 
temperature  yellow*coloured.  Melitose  has  a  slightly-sweet 
taste,  dissolves  in  cold  water  in  about  the  same  proportion  as 
mannite,  and  is  readily  soluble  both  in  hot  water  and  in  alcuhoL 
When  boiled  with  dilute  sulphuric  acid^  or  when  its  aqueous 
solution  is  allowed  to  ferment  in  presence  of  yeast,  it  splits 
up  into  grape-sugar  and  eucalyn.^ 


Melezitose,  C12H22O11  +  HjjO. 

838  Tins  sugar  occurs  in  the  manna  of  Brian^on,*  which  in 
Southern  France  exudes  in  the  summer  from  the  young  twigs 
of  the  larch  (M^lize,  in  French;  Abie^  Larix)  and  is  used  as  a 
substitute  for  sugar.  Melezilose  is  also  found  in  tm-anibin,  a 
manna-like  substance  exuded  from  the  Alhazi  Ilaarorum,  a 
shrub  wliich  grows  in  Persia  and  Afifghanistan.  This  species 
of  manna  is  brought  into  Lahore  where  it  is  used  as  a  pur- 
gative. It  contains,  beside  melezitose,  cane-sugar  and  a  syrupy 
matter.^ 

Melezitose  is  extracted  from  larch  manna  by  boiling  out  with 
alcohol  and  is  then  recrystalUzed,  It  forms  small,  liard,  glisten- 
ing monoclinic  crystals,  which  are  about  as  sweet  as  grape-sugar 
and  effloresce  in  the  air.  At  100°  they  lose  their  water  of 
crystallization  atid  they  melt  at  140*'.  When  boiled  with  dilute 
sulphuric  acid  melezitose  is  converted  into  grape-sugar 

1  Mtm,  Chfm,  Soc.  i.  159.  '  Ann.  Cht'm,  Phyjt.  p],  xlvL  M. 

»  Atm.   Chini.  Ph^s,  [xyM],  366. 

*  Bt^rtht^ot.   Ann.  Chim,  Phifft,  [3],  Iv,  2S2. 

^  Yiiliera,  CmnpUs  Etnd.  kutiv.  35. 
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Mycose  or  Trehalose,  C^jHjjg^u  +  2H2O. 

839  In  1833  Wiggers  found  a  sugar  in  ergot  of  rye  {Claviceps 
purpurea),  but  its  properties  were  tlien  more  closely  studied  by 
Mitscherlicht  who  gave  to  it  the  name  mycose  (jivxo<;,  fungus). 
Berthelot  then  examined  trehada  7nanna^  which  is  obtained  from 
the  nest  of  a  coleopterous  insect  (Lavinm  Ttidijicam),  found  in 
Syria  upon  a  species  of  Schinoj^.  The  larvae  live  on  the  sap,  but 
exude  the  partly*digested  food  in  order  to  make  their  nests*  This 
nest  is  bag-shajjed  and  about  the  size  of  an  olive ;  the  mass 
of  wliich  it  is  composed  consists,  together  with  a  peculiar  sugar, 
of  a  considerable  amount  of  starch,  some  gum,  aud  other  sub- 
stances.^ In  the  East  this  trehala-manna  is  used  as  food  and 
in  Pei'sia  it  is  known  as  nest-sugar.  Berthelot  proved  the 
distinct  nature  of  this  sugiir  and  termed  it  trehalose,^  and  he 
aftt^rwards  recognised  that  it  was  identical  with  mycose,' 

Trehalose  also  occurs  in  several  s];)ecie9  of  fungus,  as,  for 
example,  in  the  Agarkiis  Bidphur€U4i,  wliich,  when  dried,  contain 
10  per  cent,  of  this  substance.  In  Buhtm  cyaaalus  mannite 
boccurs  together  with  mycose.* 

To  prepare  trehalose,  the  trehala  is  boiled  with  alcohol,  or 
the  fungus  is  extracted  with  water  ;  the  solution  is  precipitated 
with  lead  acetate,  the  lead  removed  from  tiie  filtrate  by  means 
of  sulphuretted  hydrogen,  and  the  solution  then  evaporated 
to  a  syrup, 

Trehalose  forms  rhombic  crystals,  which  melt  when  heated 
to  lOQ^,  and  at  ISO""  lose  their  water  of  crystallization  and 
solidify.  It  dissolves  easily  in  cold  water,  but  is  hardly  soluble 
in  cold  alcohol.  It  possesses  a  sweet  taste,  and  is  transformed 
into  grape-sugiii*  when  boiled  with  dilute  sulphuric  acid. 


Maltose,  CigH^^Oii  +  H^O 

840  As  early  as  1811  Kirchhoflf  made  the  observation  that 
starch  may  be  converted  into  a  crystalline  sugar  by  treatment  with 
dilute  sulphuric  acid.®  Two  years  after  this  he  found  that  the 
albuminous  substance  contained  in  grain  is  also  able  to  efifect 
this  change,  and,  further,  that  the  transformation  is  much  more 
speedily  effected   when   malted   grain   is  used,*      This  starch- 


1  Gouibert,  Cfjmpi,  Eend.  xlvi.  1213. 

*  Chim,  Org,  ii  2^3, 

■  Bdmeigg.  J<mm.  iv.  108. 

108 


«  Ann.  Chim,  Phyi,  [3],  It.  271. 
^  Mutitz,  Compt,  Htwi,  Ixxvi  049. 
«  lb.  xiv.  389. 
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sugar,  which  Saussure  described  more  fally  in  1819,^  was  at 
a  later  date  considered  to  be  identical  with  grape-sugar,  until 
Dubrunfaut  poiated  out  that  the  sugar  from  malt  ig  more 
diflScultly  soluble  in  alcohol  and  exhibits  a  stronger  rotatory 
power  than  grape-sugar,  and  that,  therefore,  it  is  a  distinct 
substance,  to  which  he  gave  the  name  of  maltose*  The 
individuality  of  this  substance  was,  however,  first  completely 
estabUshed  by  the  researches  of  O'Sullivan.'  Maltose  is  also, 
according  to  Dubrunfaut  and  others,^  the  first  product  of  the 
action  of  dilute  sulphuric  acid  on  starch  (see  Starch  and  Dextrin, 
pp.  554-563). 

Preparatioiu  For  the  preparation  of  maltose  2  kilograms  of 
potato-starch  are  rubbed  up  with  9  liters  of  cold  water  and  then 
heated  in  a  water- bath  until  it  f«jrms  a  paste.  When  this  has  then 
cooled  down  to  60' — 65'',  from  120  to  140  grams  of  air*dried  malt 
are  added,  and  tiie  nuxture  is  kept  at  this  temperature  for  an 
Lour.  It  is  next  heated  to  the  builing-point,  filtered  hot,  and  the 
filtrate  evaporated  in  shallow  dishes  until  it  attains  the  con- 
sistency of  a  synip.  This  is  then  repeatedly  boiled  up  with 
90  per  cent,  alcohol.  After  a  portion  has  been  treated  thus 
once  or  twice  it  is  then  extracted  with  absolute  alcohol  and  the 
resulting  solution  is  evaporated  to  a  thin  syrup  Avhich,  after 
some  days,  crjrstallizes.  The  operation  last  described  is,  how- 
ever, necessary  only  in  cases  where  crystallized  maltose  ia  not 
to  he  had.  In  this  case  the  alcohol  is  distilled  oflF  from  the 
other  extracts,  the  liquid  evaporated  to  a  syrup,  and  a  smaU 
piece  of  crystalHzed  maltose  adtled.  After  the  lapse  of  from 
three  to  five  days  the  whole  will  have  solidified  to  a  tliick  paste^ 
which  is  washed  with  methyl  alcohol,  thrown  on  to  the  filter 
pump,  again  washed  with  methyl  alcohol,  and  then  pressed. 
The  residue,  dried  as  completely  as  possibte^is  then  dissolved 
on  the  water-hath,  30  chc,  of  water  being  employed  for  every 
100  grams  of  the  material,  260  cbc  of  9U  per  cent,  alcohol  are 
next  added,  the  liquid  filtered  hut,  and  the  filtrate  allowed  to 
crystallize,  Tiie  product  is  then  further  purified  by  recrystal- 
lization  from  hot  alcohol  or  w^ood  spirit,* 

Maltose  crystallizes  in  fine  needles  which  become  anhydrous 
at  100^  yielding  an  extremely  hygroscopic  residue.  In  aqueous 
solution  it  undergoes  no  change  on  treatment  with  malt  extract, 

*  Ann,  Chim.  Phys.  xi  ^79.  •  Ann.   CTiim.  Phyt,  nl  178. 

*  Journ,  Vhrm.  i>oe*  1S72,  579  ;  1876,  i.  478  ;  aee  ttUo  S<:hiike,  Brr.  Dmtack. 
Chem.  Cte*.  ?ii  1047.  *  Soiblet,  Journ,  PrakL  Vfietn.  [2],  xxL  274. 
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but  when  boiled  with  dilute  sulphuric  acid  it  is  transformed 
into  gra]}e-sugfir.^  From  the  latter  it  is  distinguished  not  only 
by  its  stroDger  rotatory  puwer,  but  also  by  boing  less  soluble  in 
alcohul,  and  inasmuch  as  it  does  not  reduce  a  weak  acetic  acid 
solution  of  copper  acetate. 


THE  GLUCOSES. 
Ghape  Sugar,  or  Dextrose,  C^^TL^^O^, 

841  So  long  ago  as  1660,  Glauber  noticed  that  a  granular 
sugar  is  contained  in  honey,  in  raisins,  in  inspissated  must,  and 
in  the  juice  of  sweet  cherries.  This  substance  was  afterwards 
examined  by  ^various  cllemists,  thus  Lowitz  pointed  out  that  it 
ditfers  from  cane-sugar  and  that  honey  contains  in  addition  a 
non-cry stallizable  sugar,  whilst  Proust  in  1802  showed  that  the 
crystalline  sugar  of  honey  is  identical  with  grape-sugar,  and 
he  classed  cane-sugar,  grape-sugar,  and  the  non-crystallisiable 
sugars,  as  distinct  substances. 

As  has  been  already  stated,  Kirchhoff  found  in  1811^  tbat 
starch  may  be  transformed  into  a  sugar,  and  Braconnot  in  the 
same  year  obtained  it  from  linen  rags. 

More  exact  knowledge  of  these  several  varieties  of  sugar  was 
obtained  first,  by  the  optical  researches  of  Biot,  and  secondly 
by  the  more  extended  researches  of  Dubrunfaut, 

The  name  f^iucose  was  suggested  by  Dumas,  whilst  Berthelot 
termed  the  left-handed  or  frtiit  sugar,  laevulose,  and  KekuM 
then  designated  the  dextro-rotatory  grape-sugar  by  the  appro- 
priate name  of  dtxtrosc?' 

As  already  described  under  cane-sugar,  dextrose  is  very 
widely  distributed  throughout  the  vegetable  kingdom,  occurring 
ahnost  invariably  together  with  an  equal  quantity  of  Laevulose 
forming  invert-sugar,  cane-sugar  being  also  usually  present 
(p-  497).  The  last-named  sugar  does  not,  however,  occur  in 
ripe  grapes  and  cherries,  these  containing  from  9*5  to  17  per 
cent,  of  invert-sugar.  The  amount  of  sugar  and  of  acid  con- 
tained in  the  various  varieties  of  fruits  has  been  determined  by 
Fresenius  ^  and  by  Buignet* 

Dextrose  is  also  normally  contained  in  small  quantity 
in  various  animal  fluids  and  tissues,  occurring  for  example 
in     the    chyle,    in    the    allantoic    fluid,    in     urine,    in    the 

*  Compure  Meud,  Jmm,  PraJcL  €hem,  [2],  xxv,  123.  *  Lekrb,  ii,  330, 

•  A%n,  Cham,  Pharm.  ci,  219.  *  Ann,  Ch%m,  Phy»,  [3]»  bd*  238, 
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liver,  in  eggs,  &c.  In  cases  of  diabetes  mellitus  the  arino 
contains  as  much  as  from  8  to  10  per  cent  of  grape-sugar, 
so  that  in  the  course  of  twenty-four  hours  the  quantity  of  , 
sugar  elimiQat^d  often  amounts  to  as  much  as  500  grams. 
Dextrose  is  also  very  frequently  formed  as  a  product  of  decom- 
position of  the  glnco$id€^%  a  numerous  class  of  bodies  occurring 
cliiefly  in  the  vegetable  kingdom.  These  by  the  action  of  dilute 
sulphuric  acid  or  of  certain  ferments,  are  transformed,  mth 
assumption  of  water,  into  dextrose  and  other  compounds.  Some 
yield  isomeric  glucoses  in  place  of  dextrose.  Dextrose  is  also  a 
decomposition  product  of  myronic  acid. 

For  the  preparation  of  small  quantities  of  dextrose  many 
recipes  have  been  given.  Of  these  tlie  following  yields  a  veiy 
pure  product.*  A  mixture  of  50 Q  cbc.  of  00  per  cent,  alcohol, 
and  20  cbc.  of  fuming  hydrochloric  acid  is  heated  to  45°,  and  to 
this  160  grams  of  finely  powdered  cane-sugar  are  added  in  small 
quantities  at  a  time,  the  heat  being  kept  up  till  the  whole  is 
dissolved*  After  standing  for  about  a  week,  crystals  begin  to 
appear ;  the  mixture  is  then  frequently  agitated,  and  after 
about  two  days,  a  sufficient  quantity  of  crystals  having  formed, 
the  mother-liquor  is  removed  by  means  of  the  filter  pump.  By 
means  of  tbese  crystals  the  separation  of  the  sugar  in  its  prepa- 
ration  in  larger  quantity  may  be  accelerated.  For  the  prepara- 
tion of  a  kilogram  of  the  sugar,  12  liters  of  alcohol  of  90  per 
cent,  and  480  cbc.  of  fuming  hydrochloric  acid  are  heated  on  the 
water-bath  to  45**,  and  4  kilograpas  of  powdered  sugar  added. 
When  the  whole  is  dissolved,  the  mixture  is  allowed  to  cool,  and 
the  crystals  obtained  in  the  previous  preparation  are  then 
introduced,  and  the  mixture  frequently  stirred  round.  A  con- 
siderable quantity  of  very  finely  di^^ded  crystals  separate  out  in 
the  course  of  twelve  hours,  and  after  standing  for  twenty-four 
hours  longer,  the  crystalline  powder  is  separated  from  the 
mother-liquor  by  the  filter  pump,  and  washed  with  alcohol  until 
all  the  hydrochloric  acid  is  removed.  Other  methods  of  prepa- 
ration have  been  described  by  Muller  *  and  by  Otto,* 

S42  Manvfacfure  of  Starch  Su^ar.  Dextrase  is  prepared  on 
the  large  scale  by  boiling  starch  with  water  containing  from  1 — 2 
per  cent,  of  sulphuric  acid,  the  operation  being  best  conducted 
under  pressure.  The  boiling  is  continued  some  little  time  after 
all  the  starch  has  disappeared,  in  order  to  allow  of  the  conver- 


'  SoxWet,  Jotim.  Prakt,  Chtm, 

'  Journ,  Prakt,  Chcm.  |2],  xxtL  78. 
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sion  into  sugar  of  the  dextrine  which  is  first  formedj  this  change 
huwevor  being  in  no  case  completrO.  Tlie  liquid  is  then  neutral- 
ized  vrith  chalk  or  very  finely-ground  limestone,  the  filtrate 
iecolorized,  if  necessary,  with  animal  charcoal,  and  tlie  solution 
evaporated,  when  the  gypsum  present  in  the  liquid  first  separates 
out»  This  is  allowed  to  settle,  and  the  clear  liquid  is  concentrated 
in  a  vacuum-pan  untd  the  point  is  reached  at  which  it  stdiilifies 

|On  cooUug.  As  dextrose  rea<hly  forms  supersaturated  solutions, 
its  separation  is  accelerated  by  the  addition  of  crystals  of  starch- 
sugar  to  the  liquid.  The  material  thus  obtained  contains  in 
addition  to  water,  dextrines  and  othor  products,  the  nature 
of  which  is  not  yet  known.  These  aie  not  fermentable,  and 
they  act  upon  the  organism  in  a  similar  manner  to  fusel  oil 
(Voh  III.,  Part  I.,  pp.  148-288).  The  presence  of  the  dextrines, 
which  do  not  act  injuriously,  is  due  to  the  fact  that  these  are 
the  first  proilucts  into  which  the  starch  is  transformed,  they  being 
in  turn  transformed  into  dextrose.  This  latter  change  proceeds 
more  quickly  and  completely  according  as  the  strength 
of  the  acid  used  is  greater,  the  action  longer,  and  the 
temperature  to  which  the  mixture  is  brought  higher.  When 
the  final  amount  of  starch  decomposed  to  sugai*  varies  from 
about  40  to  50  per  cent,  of  the  whole,  the  rate  of  change  is 
projjortional  to  the  time  allowed  for  the  action.  In  the  later 
stages  of  the  operation  the  rate  diminishes  rapidly,  so  that  the 
conversion  of  all  the  starch,  even  if  under  the  circumstances  it 
be  possible,  takes  a  long  time.  The  cause  of  this  slow  action  is 
to  be  ascribed  to  the  amount  of  the  resistance  to  change  which 
the  dextrines  exhibit  in  contact  with  dilute  acids.^  Many 
attempts  have  been  made  to  purify  starch-sugar  by  re-crystalli- 
zation and  removal  of  the  mother-liquor  by  pressure,  as  this 
cannot  be  efi'ected  by  the  centrifugal  machine,  because  molasses 

>  are  firmly  inclosed  bcitween  the  plates  of  the  sugar  crystals. 

Behr  has  recently  made  the  important  observation  that  when 
a  few  crystals  of  anhydrous  grape -sugar » prepared  by  crystalliza- 
tion from  alcoholic  solution,  are  dropped  into  a  solution  of  the 
sugar  of  sufficient  concentration,  heated  to  30^ — 40**,  the  dextrose 
separates  in  anhydrous  prisms.  These  are  also  fonned  when  a 
solution  of  the  moderately  pure  sugar  is  kept  for  some  time  at 
this  temperature.  The  mother-liquor  may  be  readily  removed 
from  these  by  drying  in  the  centrifugal  machine.^ 


^  AUihn,  Jottm,  Prakt  Ohcm,  [2},  xxii.  96. 
^  Cfuim.  Xeicy.  xlv.  179;  Btr.  Ditutsfk  Cktm. 
Of.  XV,  2349. 
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In  order  to  prepare  pure  dextrose  from  commercial  starch- 
sugar,  the  organic  salts  present  must  be  decomposed  by  means 
of  liydrochloric  acid.  The  sugar  is  shaken  with  85  per  cent 
alcohol  to  which  3  per  cent,  of  hydrochloric  acid  has  been 
added,  when  it  becomes  changed  into  a  crystalline  powder, 
whilst  the  lic^uid  itself  foi-ms  thin  brown  molasses.  The  liquid 
m  removed  by  means  of  the  filter  pump,  and  the  residue  washed 
first  with  neutral  alcohol  of  85  per  cent*  and  finally  with  such  a 
alcohol  of  90 — 05  per  cent,  this  operation  being  naturally  best 
performed  on  the  filter  pump.  The  brown  molasses  solution 
also  deposits  on  standing  pure  dextrose  in  nodulesJ 

843  Properties.  Dextrose  crystallizes  from  aqueous  solution 
with  one  molecule  of  water  in  thin  six-sided  scales  which 
are  aggregated  in  nodular-  or  cauliflower-like  masses.  From 
alcoholic  solution  anhydrous  microscopic  needles  are  obtained 
(Dubrunfaut)  whilst  from  hot  aqueous  methyl  alcohol,  possessing 
at  20**  a  specific  gravity  of  0*825,  triclinic  prisms  ciystallize 
out,  these  usually  being  formed  as  twins.* 

Dextrose  dissolves  at  the  ordinary  temperature  in  about  1'2 
pjirts  of  water,  whilst  in  boiling  water  it  is  more  readily  soluble. 
One  hundred  parts  of  alcohol  of  specific  gravity  0837  dissolve 
I'O-i  parts  of  dextrose  at  IT'S,  and  21  '7  parts  at  the  boiling- 
point.  Grape-sugar  has  a  taste  that  is  less  sweet  than  that  of 
cane-sugar,  the  sweetness  of  this  latter  as  compared  with  pure 
dextrose  being  according  to  Behr  in  the  proportion  of  1'66  :  1, 

Anhydrous  grape-sugar  melts  at  146"  and  passes  at  ITC*  into 


g!ucosa7i,  C^H^^Og 


or  Ci^Hg^Oi^, 


a  colourless  mass 


possessing 


hardly  any  sweet  taste,  and  being  again  converted  into  dextrose 
when  boiled  with  dilute  acids,* 

If  a  solution  of  dextrose  in  alcohol  be  cooled  in  ice.  and  then 
saturated  in  the  dark  with  hydrochloric  s^cid,  diglucose,  C^fi^O^, 
is  produced,  forming  a  very  hygroscopic  gum-like  mass.  When 
this  is  heated  with  water  to  160"*,  it  passes  into  a  sugar^  C^His^e. 
which  differs  from  dextrose  in  that  it  possesses  a  very  sweet 
taste,  and  it  undergoes  fermentation  only  with  great  diflBculty.* 

In  aqueous  solution  dextrose  is  reduced  to  mannit^  by  the 
action  of  sodium  amalgam**  At  the  same  time,  ethyl  alctihol, 
secondary  propyl  alcohol,  hexyl  alcohol,  and  lactic  acid  are  also 

■  Scliwarz,  Dintjkr*s  Polyt.  Jmim,  ccv.  i27. 

'  SoxLlet  and  Brezinii,  Jourifi.  PrakL  Ckem,  [2],  xxu  247. 

*  O^lia,  Compt.  JUmd.  li.  331. 

*  Oautier,  iJulL  Soe.  Chim.  [I],  ixii.  145. 

*  Ikw&r,  PhU,  Mag,  [i],  xxxxx,  345. 
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formed.^  The  substance  last  named  is  produced  by  the  action  of 
the  caustic  soda  formed,  for,  if  grape-sugar  be  heated  on  the 
water-bath  with  soda-ley,  a  violent  reaction  commences  at  90** 
accompanied  by  increase  of  temperature,  and  lactic  acid  is 
formed,  together  with  some  formic  acid,  pyrocatechin,  and  other 
products*^ 

Dextrose,  like  cane-sugar,  prevents  the  precipitation  by 
alkalis  of  various  metallic  salts.  From  solutions  containing 
gold  and  silver  these  metals  are  precipitated  by  dextrose  on 
warming,  whilst  from  an  ammoniaca!  silver  solution  the  metal 
is  precipitated  as  a  silver-mirror.  Hence  grape-sugar  is  used 
for  silvering'  mirrors  and  other  glass  articles* 

844  Fcklinrfs  Rmciimu  If  to  a  solution  of  dextrose,  first 
potash-li;y  ami  then  copper  sulphate  be  addeil,  a  deep  blue 
solution  is  obtained  which  gradually  in  the  cold,  and  instan- 
taneously  on  heating,  yields  a  precipitate  of  red  cuprous 
oxide.  This  reaction  is  so  delicate  that  0*00001  gram  of 
grape-sugar  may  be  recognized  by  the  formation  of  a  pre- 
cipitate and  O'OOOOOl  by  the  red  coloration  of  the  solu- 
tion.^ If  to  a  solution  of  grape-sugar,  there  be  added  copper 
sulphate  solution,  soda-ley  and  an  alkaline  acetate,  a  precipita- 
tion of  cuprous  oxide  also  occurs  on  warming.  Upon  this 
reaction  Earreswil*  and  Fehling^  have  grounded  a  methtxl  for 
the  volumetric  estimation  of  sugar,  and  this  has  been  further 
worked  upon  and  improved  by  various  other  chemists.  It  was 
formerly  considered  that  one  molecule  of  anhydrous  dextrose 
had  the  power  of  reducing  five  molecules  of  eupric  oxide  to 
cuprous  oxide,  but  according  to  Soxhlet  this  is  not  correct, as  the 
quantity  of  cuprous  oxide  formed  is  dei>endent  upon  the 
concentration  of  the  solution  and  upon  other  circumstances. 
In  the  application,  therefore,  of  this  reaction  to  the  estimation 
of  grape-sugar,  care  must  be  taken  always  to  work  as  nearly  as 
possible  untler  tlie  same  conditions.  For  further  details  the 
subjoined  memoirs  may  be  consulted. 

OtJmr  Mdkoth  of  Ddeciion  and  Estimation,  Wlien  a  solution 
of  mercury  cyanide,  to  which  caustic  soda  solution  has  been 

•  Bouch&rdat,  Ann,  Chim.  Ph}f9.  [4],  xrHi.  87, 

•  Hoppe-Seyler,  Bet,  Dmlsch,  Chrm.  Gc«,  iv,  848. 

•  Troininer,  Ann.  Chem,  Pharm.  xxxix.  861. 
^  Joum*  Pharm.  vi  S6I. 

•  Ann,  Chfim.  Phnrm^  Ixxii.  106  \  cvi.  75. 

•  Jmm  Prakt.  €h<m,  [2]»  xJtL  2B4. 

^  Soxhlet,  loc.  HL   289 ;  AUihu,  ifi.  [21,  xxxL  62 ;  Heron  md  Brown,  Chem, 
Soc  Trwut,  187&,  601 
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added,  is  boilt^d  with  grape-sugar,  metallic  mercury  is  precipi- 
tated,  and  Knapp  has  applied  this  reaction  to  the  volumetric 
estimatiun  of  dextrose,^  whilst  ia  place  of  the  cyanide  Sacchse 
has  substituted  a  solution  of  potassium  mercuric  chloride,* 
Soxhlet,  who  has  further  worked  out  this  meth«>d,  has  deter- 
mined the  conditions  under  which  reliable  results  can  be 
obtained  by  titration  with  alkaline  mercury  solution.* 

If  dextrose  be  boiled  with  caustic  soda  solution  and  basic 
bismuth  nitrate  then  added,  bismuth  separates  out  as  a  black 
powder.*  This  reaction  is  useful  in  the  detection  of  grape-sugar  in 
urine,  as  the  bismuth  solution  is  not  reduced  either  by  uric  acid  or 
by  creatinine,  as  is  the  case  with  copper  solution.  If,  however^ 
the  urine  contains  albuminous  bodies  in  which  sulphur  is 
present,  black  sulphide  of  bismuth  will  be  formed,  and  these 
albuminous  matters  must  therefore  be  removed  before  the  test  is 
applied.  For  this  purpose  freshly  precipitated  basic  bismuth 
acetate  is  dissolved  in  hot  potassium  iodide  solution  with 
addition  of  a  little  hydrochluric  acid.  This  liquid  is  then  added 
to  the  urine,  which  has  been  previously  acidified  with  hydro- 
chloric acid,  the  precipitate  which  is  formed  filtered  off,  the 
filtrate  supersaturated  with  caustic  potash,  and  then  heated 
to  the  boiling  point.* 

When  a  solution  containing  potassium  ferricyanide  and  an 
excess  of  grape-sugar  is  heated,  and  baryta-water  then  added, 
the  flolution  becomes  colourless  from  formation  of  potassium 
ferrocyanide.  If  a  solution  of  dextrose  to  which  caustic  soda 
has  been  added,  be  heated  to  90',  and  then  a  few  drops  of  a 
solution  of  picric  acid  added,  a  red  coloration  is  produced  from 
formation  of  picramic  acid.  Laevulose  and  milk-sugar  give  the 
same  reaction,  but  neither  cane-sugar  nor  mannite.*^ 

When  an  aqueous  solution  of  dextrose  is  heated  with  chlorine 
or  bromine  and  then  with  silver  oxide,  care  being  taken  not 
to  add  an  excess  of  the  latter,  a  solution  of  glucmiic  add^ 
C^yfy^j  is  formed,  and  this  on  evaporation  remains  behind 
as  a  syrup.  It  is  a  monobasic  acid,  but  like  the  saccharoses 
it  yields  so-called  basic  salts,^ 

'  Ann*  Ch4!m.  Pharm,  cliir.  252. 

'  Fifrhgtijff,  KohUnhydmU,  &c,,  Leipng,  1877,  I>.  214.  '  Loc.  eil,  800. 

*  Bottger,  JiAirji,  Frakt,  Chem,  li.  431  ;  see  alsf*  Franr^ui  and  Vyverl,  fVtf- 
ifeniwi  ZcUsch,  v.  263.  *  Bntcke,  Fttsenius'  ZciUch,  xv»  101. 

«  Stahbchiuidt,  Bcr,  Dmtach,  Ch/^m.  Qcs.  L  HI. 
^  Brann,  Frtttenius*  Z^UscJl  iv,  187. 

•  Hlasiw«-tz  u  HaberTTiann,  Ann.  Chrm.  Pharm,  civ.  121  ;  clviii.  257;  olxLL 
801  I  Kiliaui,  iVi,  ccv,  182  ;  Griesshammer,  Jahrcsb.  1870,  852* 
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845  Calcium  Gluconate^  (C^K^iOj)fiQ,  -h  2HgO,  crystallizes  in 
small  needles  united  in  warty  masses*  If  slaked  lime  be  added 
to  its  lukewarm  solution,  the  liquid  filtered  and  then  heated  to 
boiling,  the  salt  CgHj^O^Ca  is  almost  completely  precipitated. 

On  treatment  with  silver  oxide  and  water  gluconic  acid  is 
easily  oxidized  to  glycolic  acid,  and  by  the  action  of  commercial 
nitric  acid  it  yields  saccharic  acid,  oxalic  acid,  and  cassonic  add, 
C^HgOy.  The  last  named  acid,  which  may  also  be  obtained 
from  sugar,  forms  a  syrup  and  is  dibasic* 

Paraffluconic  Acid  is  produced  when  gluconic  acid  is  left  in 
contact  fijr  a  long  time  with  nitric  acid  of  specific  gravity  1'3. 
It  likewise  forms  a  syrup,  but  is  distinguished  from  gluconic 
acid  by  the  fact  that  it  formfS  crystalline  salts  with  the  alkali 
metals,  and  non-crystalline  salts  with  those  of  the  alkaline 
earths,  whilst  with  the  first  named  acid  the  reverse  is  the  case.* 

Use^  of  Starch-9Uffar.  Starch-sugax  is  roade  use  of  in  the 
doctoring  of  wine.  This  treatment  consists  in  diluting  the 
sour  nmst  with  water  until  the  %uid  contains  only  so  much 
acid  as  is  present  in  the  juice  of  the  good  ripe  grape,  then 
adding  the  requisite  quantity  of  sugar,  and  subjecting  the  Uquor 
to  fenuentatiou.  As  ordinary  starch-sugar  always  contains 
a  large  amount  of  unfermentable  material  which  is  strongly 
dextro-rotatory,  doctored  wine  can  easily  be  recognised  by  means 
of  the  polariscope.^  A  vinous  drink  is  also  obtained  by  another 
system,  the  grape  skins  being  covered  with  a  solution  of  starch- 
sugar  solution  and  the  liquid  then  allowed  to  ferment. 

Stnrch-sugar  is  also  used  as  a  substitute  for  malt  in  the 
brewing  of  beer,  in  confectionery,  for  making  table-syrups, 
artificiid  honey,  &c.  The  solid  sugar  is  also  employed  for  the 
Eilulteration  of  j>owdered  cane-sugar,  and  in  the  preparation  of 
caramel.  It  likewise  is  used  in  calico-printing,  for  the  reduction 
and  fixation  of  indigo, 

846  Mciallk  Compounds  of  Dextrose,  If  sodium  ethylate  be 
added  to  a  Si)lution  of  dextrose  in  absolute  alcohol,  a  precipi- 
tate of  C^H^jNaO^  is  obtained,  which  on  drying  forms  a  friable 
exceedingly  deliquescent  powder/ 

Lime  and  baryta  dissolve  readily  in  a  solution  of  dextrose 
forming  different  compounds  according  to  the  quantity  of  the 


*  Si.^wort,  Jahrt^h.  1859,  648  ;  Honig,  ib,  666. 

*  Hoiiij:^,  ManalsK  CKtm,  i.  4&» 

^  Keiibauer,  Freneniun'  ZnUch,  Chem,  xr.  186. 

*  Honig  and  Roseufeld,  Ber,  Deutsche  Chem.  {?<*.  X.  871. 
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base  prtiseDt,  and  these  products  are  precipitated  on  the  addition 
of  alcohol.  Dextrose  also  combines  with  copper  oxide  forming 
several  compounds.^ 

Grape-sugar  likewise  unites  with  common  salt,  giving  rise  to 
a  variety  of  compounds;  2CgH^Og-t-NaCl-hH20  is  frequently 
deposited  from  diabetic  urine,  and  is  easily  obtained  in  lai^e 
hexagonal  crystals  by  allowing  a  concentrated  solution,  containing 
the  coDStituents  in  the  above  proportion,  to  stand*  Dextrose 
also  combines  with  sodium  bromide,  but  does  not  form  compounds 
with  the  iodide. 

Ethereal  CoMpoimds  of  Dextrose,  Dextrose  contadns  five 
alcoholic  hydroxyls,  whose  hydrogen  is  capable  of  replacement 
by  acid  radicals. 

Dextrose  Sulj}huric  Acid,  Dextrose  dissolves  in  cold  concen- 
trated sulphuric  acid  without  coloration,  forming  a  dextrose 
sulphuric  acid  which  yields  soluble  salts,  and  soon  splits  up, 
in  aqueous  solutiuo,  into  the  constituents  from  which  it  has  been 
obtained.^ 

WTiea  dextrose  is  dissolved  in  chlorsulphonic  acid,  four-sided 
prisms  are  deposited  after  some  little  time,  consisting  of  the 
chloride  C^H7CI(SO^H)40g.  Milk-sugar,  starch,  dextrine,  and 
cellulose  also  yield  this  compound  when  simihirly  treated* 
Culd  water  transforms  this  into  the  very  unstable  dextrose  tetra> 
sulphuric  acid,  C^II^(OH)(SO^H)^0^  "which  forms  amorphous 
salts.  When  the  aqueous  solution  of  this  acid  is  warmed  dextrtjse 
ia  again  formed.  If,  however,  the  decomposition  takes  place 
at  the  ordinary  temperature,  dextrose  trisulphuric  acid 
CgH7(OH)2(SO^Il)jjO^  is  formed  as  a  first  product.  Its  salts  are 
amorphous  and  have  a  weaker  power  of  rotation  than  those  of 
the  tetra-compound.^ 

Acetates  of  Dextrose.  When  dextrose  is  boiled  with  acetic 
anhydride,  diacetO'dextrose,  CQHi^(C2UgO  J^Oei  ^^^  triacetodextrose, 
CgHg(C2Ha 0)^0^1  are  formed.  These  compounds,  both  of  which 
are  amorphous,  may  be  separated  by  means  of  benzene,  in  which 
the  last  named  is  alone  soluble.*  If  dextrose  be  heated  with 
anhydrous  sodium  acetate  and  acetic  anhydride  to  100*  ocfactio- 
diglucose,  C^^^^ii^fi/^h^w  ^  foriii^d,  and  this  crystallizes  from 


*  Salkowski,  ZcUsch.  Fhynol  Chem,  iii,  79  ;  Filcti,  B^*  Jhuiseh,  Chem.  So. 
viii.  4J1. 

*  Peligot,  Ann,  Ckem,  Fharm,  r3tx.  79. 
»  Claeaaon,  Journ,  Prakt,  Chem,  [2],  xx,  15. 
<  Sclifltxenberger  and  Kaudin,  BuiL  Soc,  Ckim,  xii,  204, 
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ether  in  cauliflower-like  masses.  It  melts  at  134°  and  on 
sapoQificatioo  yields  diglucose  (p.  540),' 

By  heating  dextrose  with  glacial  acetic  acid  to  100*  for  fifty 
hours,  Bertlielot  obtained  a  liquid  possessing  an  exceedingly 
bitter  taste.  This  he  supposed  to  be  a  hexacetyl  compound,  but 
it  is,  however,  more  probably  peiitacelo-dextrose,  C^H^iC^agO)^^^. 
Hydrochloric  acid  decomposes  it  into  acetic  acid  and  dextrose, 

lu  a  similar  way  Borthelot  has  prepared  ethereal  compounds 
of  dextrose  containing  other  fatty  acids*^ 

AcetocMm'hydrose,  or  AcetocIi^loT^dextrose,  C^H^C^CjjHgO)^©^ 
is  obtained  by  the  action  of  acetyl  chloride  on  anhydrous 
grape  eugar.  It  fonus  a  semi-iluid  mass,  which  sometimes  be- 
comes crystalline,  and  is  insoluble  in  water.^  Cold  concentrated 
nitric  nclA  c^mverts  it  into  acdo-nilrosc  or  7u(ro^y((4:ctode.ttrose^ 
CQ}l^(T^O^){CJi^O\0^,  which  crystallizes  from  a  mixture  of 
ether  and  alcohol  in  prisms  or  large  tables.* 


LjEViTLOSEp  OR  Frutt  Sugar,  C^Hi^O^. 

847  The  history  and  modes  of  occurrence  of  this  substance 
ha%^e  already  been  given  (p,  537), 

For  the  preparation  of  l^vulose  the  invert-sugar  obtained 
when  cane-sugar  is  heated  with  dilute  sulphuric  acid  or  hydro- 
chloric  acid  m  used.  This  inversion  proceeds  only  in  dilute 
solutions,  and  the  heating  must  not  be  contmued  too  long  or 
by-products  will  be  formed.  According  to  Nicol,  complete 
inversion  is  aecoraplished  by  dissolving  S  grams  of  sugar  in  4  cbc. 
of  water,  adding  20  drops  of  hydrochloric  acid  of  specific 
gravity  I'll,  and  heating  the  mixture  on  the  water-bath  for 
thirty  minutes.^ 

To  obtain  the  pure  invert-sugar  from  tlie  proflucfc  obtained  by 
the  action  of  sulphuric  acid,  the  acid  must  be  removed  by  means 
of  barium  carbonate ;  or  when  hydrochloric  acid  has  bt^en  used 
the  solution  is  treated  with  silver  oxide  and  the  filtrate  precipi- 
tated by  sulphuretted  hydrogen. 

On  evaporating  these  solutions,  the  invert-sugar  is  left 
behind  as  a  colourless  syrup.  In  the  dark  this  remains  un- 
changed, but  on  exposure  to  light  dextrose  separates  out,  and  in 

1  Franchimont,  Bet.  Ihutfch.  Chtm,  Gts.  xiL  1940  ;  Hezfeld,  xHL  2C6. 

*  Ann,  Chim.  Phyi.  [3],  Ix.  89.  »  Colley,  €(mpi.  lUmi.  Ixx.  40L 

*  lb*  bcxvi.  437.  *  Fre&miiu*  ZciUch.  xit.  177. 
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larger  quantity  the  more  intense  the  light  is}    Honey,  which 

cansLits  principally  of  invert-sugar,  exhibits  a  similar  behftTioitr. 

To  prepare  bsvuiose  from  the  iuvert*sugar  the  foUowing 
plan  is  recommended  by  Dubrunfaut  Ten  grams  af  the 
sugar  are  dissolved  in  100  cbc.  of  water,  cooled  down  by  ice- 
cold  water,  and  agitated  with  6  grams  of  fiiiely-<livided  slaked 
lime.  The  difficultly  soluble  lime  compound  of  Isevulose  which 
13  thus  formed  separates  out,  whilst  the  corresponding  dextrose 
compound  remains  in  solution,  and  this  latter  may  easily  be 
removed  by  repeated  pressing,  &c.  The  lime  compound  is  tbea 
decomposefl  by  means  of  oxalic  acid  or  carbon  dioxide,* 

Anotber  method  has  been  given  by  Girard,  for  the  details  of 
which  the  original  paper  may  be  consulted.' 

Pure  Iffivtilose  is  also  obtained  from  inulin,  CgH^QO^,  a  substance 
which  occurs  iu  various  plants  (p.  566),  or  from  its  isomeride 
laivulan,  which  is  found  in  the  molasses  of  beetroot  sugar^  by 
treating  these  substances  with  dilute  sulphuric  acid. 

LsBvulosG  remains,  on  concentrating  its  solution,  as  a  thick  syrup 
which  dues  not  depi^sit  crystals  on  keeping,  and  indeed  it  was 
believed  that  laevuiose  could  not  be  obtained  crystallized,  until 
Jungtieisch  and  Lefmnc  succeeded  in  preparing  it  in  this  form. 
For  this  purpose  the  s}Tup  is  repeatedly  treated  with  cold 
absolute  alcohol,  to  remove  water  and  certain  admixtures.  The 
residual  syrup  on  being  kept  for  some  time  in  a  cold  place 
gradually  deposits  crystals  and  at  last  completely  solidifies.  This 
is  then  dissolved  in  hot  alcohol  when,  on  cooling,  the  greater  part 
of  the  laevulose  separates  out  as  a  syrup,  but  the  mother-liquid 
yields,  on  further  cooling,  crystalline  laevulose  in  thin  neetlles, 
concentrically  grouped  and  possessing  a  silky  lustre.  Lgevulose 
may  also  be  crystallized  from  aqueous  solution,  by  bringing  into 
the  liquicl  a  few  of  the  crystals  obtained  as  above  described.* 
Crystalline  kcvulose  melts  at  05**,  it  is  readily  soluble  in  water 
and  dilute  Mlcuhol,  and  possesses  a  taste  as  sweet  as  that  of  cane- 
sugar.  By  the  action  of  sodium  amalgam  and  water  it  is  trans- 
formed into  mannite,  which  is  identical  with  the  mannite  found 
in  nature,  and  also  with  that  obtained  from  dextrose.*  Like  the 
last-named  substance  it  reduces  many  metallic  salts,  but  it 
differs  from  it  in  that  Isevulose  is  less  easily  fermentable  on 


'  Scheiblcr,  Jahresh.  1863,  674,  '  Bull  Soc.  Chim,  liil  S50. 

»  lb.  xxxiii.  151.  *  Oompi,  Bend.  xdiL  547. 

•  Kniseiuariu,  iJer,  Dmitsch,  Chcm.  Gea.  ii.  1465;  MunU  and  Aubin,  Jnn» 
Cfhim,  Fhifs,  [5],  x.  669 ;  Kug.  Peligut,  Cvm^,  Jiend,  xo.  163. 
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addition  of  yeast,  so  that  in  a  fermenting  solution  of  invert-sugar 
the  dextrose  first  disappears.  Laevulose  has  the  power  of 
reducing  copper  oxide  io  the  same  proportion  as  dextrose,  but 
the  boiling  must  be  kept  up  for  thirty  minutes  (Allihn).  It 
differs,  however,  from  dextrose,  inasmuch  as  that  when  treated 
in  aipieous  solution  with  chlorine  or  bromine  it  dues  not  yield 
gluconic  acid,  but  is  oxidised  to  glycolic  acid. 

When  laevnilose  is  heated  to  170*,  it  is  converted  into 
amorphous  Icvvalosan,  CgH^^,0^,  This  substance  is  also  ubtained> 
together  with  dextrose,  when  cane-sugar  is  heated  (p.  523),  and 
if  to  a  solution  of  the  mixture  yeast  be  added,  the  grape  sugar 
alone  enters  into  fermentation,  aud  the  tevulosan  remains  behind. 
On  boiling  with  dilute  acids  liBinalosan  is  again  converted 
into  laeviilose. 

848  Metallic  Compounds  of  Lccmihm.  The  most  important  of 
these  is  the  calcium  salt  already  mentioned,  possessing  the  formula 
C^jH^(CaOH)30(j*  This  forms  acieular  prisms  which  require 
more  than  333  parts  of  cold  water  for  solution.  If  from  12  to 
15  grams  of  slaked  lime  be  shaken  up  witli  a  6  to  8  per  cent, 
solution  of  Igevulose,  at  20*  filtered  quickly,  and  the  filtrate  cooled 
down  to  0',  crystals  are  obtained  of  C^jH^i(CaOH)Og +  2H2O ; 
these  dissolve  at  15"  in  137  parts  of  water.^ 

By  boiling  a  solution  of  in  vert -sugar  with  lime  E.  Peligot 
obtained  a  body  which,  according  to  liim,  is  isomeric  with  cane- 
fiugar,  and  to  which  he  gave  the  name  of  mecharin^  Scheibler 
has  however  found  that  this  substance,  which  may  be  obtained 
from  either  dextrose  or  from  leevulose,  but  more  easily  from  the 
latter,  has  the  formula  CqHj^,0^  and  is  the  anliydride  or  lactone 
of  monobasic  saccharic  acid^  C^Hj^O^  *  SacchfU^iii  is  also  formed 
when  a  solution  of  invert-sugar  is  allowed  to  stand  in  contact 
with  lime  for  some  months.*  It  also  occurs  in  the  molassee  of 
beet-root  sugar.  It  dissolves  readily  in  water,  possesses  a  saline 
bitter  taste,  and  crystallines  in  large  rhombic  prisms,  which  melt 
at  160 — 161°,  and  at  a  higher  temperature  sublime  w^ith  partial 
decomposition.  It  is  dextro-rotatory,  and  exhibits  a  neutral 
reaction,  but  its  solution  becomes  acid  on  standing  for  some  time, 
this  change  taking  place  more  quickly  if  the  liquid  be  heated. 
This  change  is  due  to  the  formation  of  saccharic  acid,  which 
however  has  not  been  obtained  in  the  pure  state,  as  it  easily 


^  Eng.  Peliffot,  Cmtifji,  Bend,  xc.  158^ 
*  Bcr.  DcMtsch,  Chem,  Gts,  xiii  221S, 


*  C&mpi^  Rrnd,  lixxix.  9 IB, 


548 


CARBOHYDRATEa 


splits  up  into  water  and  saccharin.  The  salts  of  saccharic  acid 
are  laevo*rotatory»  and  many  of  them  crystallize  well. 

If  saccharin  be  heated  with  phosphorus  and  hydriodic  acid,  it 
is  reduced  to  mccharon,  C^^^O^,  an  oily  liquid  boiling  at  SOS**- 
this  is  probably  the  lac^tone  of  /9-oxycaproic  acid.  Concentrated 
nitric  acid  oxidizes  siiccharin  to  the  acid  C^HgO^  +  H^O,  which 
forms  large  rhombic  crystals,  possessing  a  pleasant  sour  taste 
resembling  that  of  citric  acid.  This  acid  is  monobasic,  but  its 
solution  when  neutralized  with  alkali,  becomes  acid  again  on 
standing  or  more  quickly  on  heating,  and  then  requires  a  second 
equivalent  of  alkali  for  neutralization. 

Saccharin  has  probably  the  following  constitution  : 

HO.CHg  CH(OH).CH(OH).CH,CH,.CO, 

0 
Galactose,  CgHj^Og. 

849  The  fact  that  railk -sugar  when'  boiled  with  dilute 
sulphuric  acid  does  not  yield  grape-sugar,  as  was  sup- 
posed to  be  the  case,  but  a  new  sugar,  was  shown  by  E.  O. 
Erdmann/  and  by  Pii^teur,^  and  the  latter  chemist  gave  to  this 
substance  the  name  of  lactose,  which  Berthelot  changed  to 
galactose,  applying  the  term  lactose  to  milk-sugar.  According 
to  him  Bouchardat  was  the  first  to  recognize  the  individuality 
of  gidact^jse.^  Fudakowski  then  found  that  along  with  galactose 
another  sugar  is  formed,  and  on  further  examination  he 
recognized  this  to  be  dextrose.*  Galactose  is  also  formed  by 
boihng  certain  kinds  of  gum-arabic  with  dilute  sulphuric 
acid.^ 

In  order  to  prepare  galactose  from  milk-sugar*  it  is  boiled  with 
four  times  its  quantity  of  water  containing  5  per  cent,  of 
sulphuric  acid  for  six  hours,  the  solution  ueutndized  with  baryta, 
and  concentrated  by  evaporation.  This  solution  does  not  yield  any 
crystals  even  after  a  week's  standing,  but  if  a  few  crystals  of 
grape-sugar  be  introduced,  the  whole  solidifies  in  a  short  time 
into  a  crystalline  paste.  This  is  remarkable,  as  the  crystals 
formed  are  not  those  of  dextrose  but  of  galactose.  The  mass  is 
theu  rubbed  up  with  alcohol  of  BO  per  cent.,  and  the  brown 
mother-liquor  removed  by  filtration  and  pressing,  these  operations 

*  Jnhresbr  1855,  073.  *  Compi,  Emd.  xlii.  847. 
»  Chirti.  Orrj.  ii,  249. 

*  ^r-r,  Deufjtch,  Chrm.  OeA.  viii,  699  ;  ix.  42 :  xi  \m^. 

*  Kiliaai,  ib,  xiii  2304  j  iv.  34  ;  Claeasou,  ih,  xiv.  X220, 
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beiDg  repeated  until  the  residue  is  white ;  this  is  then  dissolved 
in  hot  70  per  ceut.  alcohol  and  recrystalhzed.^ 

Galactose  is  readily  soluble  in  hot,  but  much  less  soluble  in 
cold,  water,  and  crystallizes  in  large  rhombic  prisms.  These 
possess  a  taste  less  sweet  than  that  of  cane-sugar,  and  melt  at 
142" — ^144^  In  absolute  alcohol  and  ether  galactose  is 
insoluble. 

It  is  more  strongly  dextro-rotatory  than  dextrose,  and  like 
this  it  rednees  alkaline  solutioos  of  copper,  bismuth,  ami  silver 
salts,  By  sodium  amalgam  it  m  transformed  into  dulcite,* 
whilst  it  is  oxidized  by  nitric  acid  to  mucic  acid,  and  by  bromine 
and  water  to  monobasic  ladonic  acid,  C^HjjjO^j.  This  last-named 
body,  which  is  also  obtained  from  milk-sugar,  forms  a  crystalline 
deliquescent  mass»  and  its  soluble  salts  crystallize  well^ 

Calcmm  Ladoimte^  (C^WqOqJ^Osl  -f  7H^0,  forms  monoclinic 
tables.*  Its  lukewarm  solution  dissolves  hme,  and  un  then 
heating  the  salt  CflHgO^Ca  separates  out. 


Aeabinose,  QHigOg* 

850  By  boiling  gum-arabic  with  dilute  sulphuric  acid,  Biot 
and  Persoz  "*  obtained  a  sugar,  which  Bt;rthelut  thought 
was  galactose.*  Hcheibler,  however,  further  examined 
this  gum -sugar,  and  stated  it  to  be  a  new  substance  and 
termed  it  ambinose/  Kdiani,  on  the  other  hand,  considered 
that  the  sugar  obtained  from  gum  was  indeed  galactose.^ 
Clfesson  explained  these  contradictory  statements  by  finding 
that  whilst  galactose  is  certainly  formed  from  such  varieties 
of  gum  as  yield  raucic  acid  on  oxidation,  yet  other  varieties  of 
gum  arable  do  yield  arabinose.* 

Arabinose  crystallizes  from  hot  alcohol  in  radiating  prismatic 
tufts,  it  melts  at  160"*,  is  more  strongly  dextro-rotatory  than 
galactose,  and  is  oxidized  by  nitric  acid  to  oxalic  acid,  without 
first  yielding  mucic  acid* 

The  gum  of  the  cherry-tree  when  boiled  with  dilute 
sulphuric  acid  first  yields  cerasiTwse,  C^Hj^Og,  which  separates 

»  Soxhlpt,  Jtmm.  Prakl.  Chem.  [2],  xxi  262. 

•  B^mt^h unlit,  Ann.  Ckim.  FhtfA.  [i],  jcxvii.  79, 

•  Fiajtb  ain!  Illasiwetz,  Jnn.  Ch-na.  Pharm,  cxxii*  96. 

•  KiUatti^  Bt-r,  Deutsche  Chem,  Om.  xiv,  651. 

•  U<niclumkt,  Ann,  Ckim.  Phi/s,  [2]  lii.  85,  •  Zoc,cU, 
'  B'^r,  Diiut^h^  Chem.  (Jtt^.  vi,  614.                            •  Xoc,  cU, 

•  Log.  eit;  Kilkni,  Ber.  fJcHUrk,  ChciA,  Qu,  xT.  84. 
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from  solution  in  hot  alccihol  in  very  brittle  and  hygroscopic 
crystals,  aiid  these  even  at  1 00°  become  brown  and  suften.  It 
passes  on  long  standing  into  arabinose.  tlie  same  change 
occurring  when  cerasinose  is  heated  for  two  hours  to  100^  with 
water  acidiiieJ  by  hydrochloric  acid* 

EUCALYN,  CeH^O^  +  HgO, 

851  This  is  formed  together  with  dextrose  by  boiling  meli- 
tose  with  dilute  sulphuric  acid,  and  as  it  does  not 
enter  into  fermentation  by  contact  with  yeast,  it  may 
be  readily  separated  from  the  dextrose  furmed  at  the  same 
time.  Eucalyn  is  a  thick  syrup  which  has  only  a  slightly 
sweet  taste.  It  is  turned  brown  by  alkalis  and  reduces  alkaline 
copper  solution. 

Sorbin,  CgHijOg, 

852  Peloiize  found  tliis  substance  in  the  juice  from  mountain- 
asli  ben*ies  which  had  been  collected  in  September,  the 
liquid  having  been  allowed  to  stand  by  itself  for  a  year.* 
The  fresh  juice  of  the  ripe  berries  does  not  contain  sorbin,* 
which  13  probably  formed  in  the  course  of  fermentation  as 
a  reduction  product  of  sorbite,  C^Hj^O^j,  (p.  4D2). 

Sorbin  foraos  hard  rhombic  crystals,  and  possesses  as  sweet  a 
taste  as  cane-sugar.  It  is  soluble  in  half  its  weight  of  water, 
but  is  only  slightly  soluble  in  alcohol  It  is  coloured  brown  on 
heating  with  alkaUs,  and  reduces  an  alkaline  copper  solution. 
Its  solution  does  not  ferment  on  the  addition  of  yeast.  If  the 
solution  be  treated  with  chlorine  and  then  with  silver  oxide 
glycoUic  acid  is  obtained,*  By  concentrated  nitric  acid  it  is 
oxidized  to  dextro-rotatory  tartaric  acid,  racemic  acid,  oxalic 
acid,  and  aposorhic  acid,  C^H^O^ ;  this  last  named  acid  is  dibasic, 
and  cystallizes  in  rhombic  scales  melting  at  110*. 
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INOSITE,  CflHigOe  +  SHjjO. 

853   This  substance   was    first   found   by   Scheerer   in   the 
fluid    contained    in    the    muscles    of    the    heart  of    the    ox 

1  Martin,  Sacchgfs  Fhytoehem,  (Inters,  78. 
'  Ann,  Vhciiu  Phunti.  Ixtxiii.  47. 

•  Byscbl,  JiiMresk  1S54,  664. 

*  Hlaaiwt'tK  uud  Hab+^rmanii,  Ann.  Ch^m.  Phartn,  civ.  129- 
'  De»saigue8,  Ann.  Vh^m.  Phann.  SappL  iL  242. 
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(t9,  gen.  iVo^,  muscle),^  and  according  to  Sokolow  and 
Panum,  it  does  not  occur  in  any  other  muscular  fluid.*  It  is 
however,  found  widely  distributed  in  the  tmimal  kingdom »  as 
for  instance  in  the  lungs,  the  liver,  the  spleen,  and  the  kidneys 
of  the  ox,2  iu  the  brtiin  of  the  same,*  in  the  urine  of  man  in  case 
of  Bright's  disease  (Cloetta)»  and  even  in  healthy  urine  after 
drinking  large  quantities  of  water.* 

Inosite  is  also  frequently  found  in  the  vegetable  kingdom* 
Vohl  discovered  it  first  in  the  young  French  bean  {Fkajifolus 
ru/garis),  and  gave  to  the  new  saccharine  substance  the  name 
oi  Fh(fS€omann\t€,  and  soon  afterwai'ds  he  recognized  its  identity 
with  inosite.*^  Marine  then  found  it  in  the  unripe  pea,  the 
lentil,  and  the  fruit  of  the  Robinia  [Rohinia  pscvdacavia),  in  the 
white  cabbage,  foxglove,  dandelion,  in  asparagus,  and  in  tVie 
germ  buds  of  the  potato/  It  also  occurs  in  the  grape,  and 
hence»  as  it  is  not  fermented  by  yeast,  it  finds  its  way  into 
wine.^  It  is  likewise  present  iu  vinous  liquids,**  as  well  as  in 
the  young  leaves  of  the  vine/"^  and  in  the  leaves  of  the  ash,^i 
and  of  the  walnut  tree." 

To  prepare  inosite  from  the  heart  or  the  lungs  of  the  ox,  the 
material  is  finely  chopped  up,  and  exhausted  with  water,  some 
ftcetic  acid  added,  and  the  mixture  ihen  heated  to  the  boiling 
point.  The  filtrate  is  treated  with  neutral  lead  acetate,  filtered 
off  from  the  precipitate  foraied,  and  then  the  filtrate  is  pre- 
cipitated by  basic  lead  acetate » the  washed  precipitate  decomposed 
by  sulphuretted  hydrogen,  and  the  concentrated  solution 
precipitated  by  addition  of  alcohol  It  is  prepared  from 
vegetable  juices  by  neutralizing  the  liquid  with  barj'ta- water, 
treating  with  lead  acetate  solution,  and  then  proceeding  as  above 
described.  To  precipitate  the  substance  from  the  concentrated 
aqueous  solution,  Hilger  recommends  a  mixture  of  10  parts 
of  alcohol  and  1  part  of  ether, 

Inosite  forms  large  transparent  monochnic  crystals,  which 
possess  a  sweet  taste,  and  are  soluble  at  the  ordinary  temperature 
in  about  6  parts  of  water.      Inosite  is  but  slightly  soluble  in 


'  Dfi^ssai^es,  Ann,  Chrm.  Pharm.  Ixxni.  322. 
'  CloetU,  Ann,  ChiVi.  Pfuirm,  xcix.  2SD, 

•  KlllU,  FrrA^iiu'  Zeiisfh,  xvi.  135. 
«  Ann.  Chetn.  Pharm.  xcix,  125 ;  ci.  50  j  cv.  SSO. 
y  lb,  cxiix.  222. 

•  Canstein  and  Neubaner,  Ber,  Dettt^k.  Chem,  0es,  vi,  1111, 
'"*  KcubanTt'rt  Frtjtfnitts*  ZrU«^  xii,  45. 

*^  Tiiiisi^t  and  Villittre,  BulL  Soc,  Chim,  xxlx,  74. 
199 


3  /?..  Ixixi.  375, 

*  MivUer,  i&.  ciii,  140. 
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hot  dilute  alcohol,  and  it  is  insoluble  in  absolute  alcohol  and  ia 
ether.  It  effli>resces  in  the  air  and  becomes  completely  dehydrated 
at  100^  When  boiled  with  alkalis  it  is  not  coloured  brown, 
and  it  has  no  action  on  an  alkaline  copper  solution.  Nitric 
acid  oxidizes  inosite  to  oxalic  acid.  Its  solution  yields  vrith 
lead  acetate  a  gelatinous  precipitate  whicli,  after  drying  over 
sulphuric  acid,  possesses  the  empirical  formula  2  C^Hj^Oq  H-  5  PbO 
(Cioetta). 

If  inosite  be  evaporated  almost  to  dryness  with  addition  of  a 
little  nitric  acid,  a  few  drops  of  ammoniacal  calcium  chloride 
solution  then  added,  and  the  mixture  again  evaporated^  a  rose- 
red  coloration  is  produced,  and  in  this  way  the  presence  of 
0-0005  grama  of  inosite  may  be  recognized.  This  reaction  is 
not  yielded  by  other  saccharine  bodies  or  by  starch.^  If  to  a  few 
drops  of  inosite  one  drop  of  a  mercury  nitrate  solution  (used  in 
the  estimation  of  urea)  be  added,  a  yellow  precipitate  is  formed 
which  on  heating  becomes  red  ;  this  becomes  yellow  again  when 
cold,  but  reddens  when  re^heated.- 

Hexnitroxy inosite,  C^H^(NOg)g.  Inosite  is  dissolved  by 
concentrated  nitric  acid,  and  on  addition  of  sulphuric  acid  to 
this  solution  a  gritty  precipitate  is  formed  which  is  insoluble  in 
water.  If  this  be  dissolved  in  hot  alcohol,  the  hexnitrate  crys- 
tallizes out  on  cooling  in  rhombic  tables  and  prisms,  and  these 
explode  violently  on  percussion.  The  mother-liquor  yields  on 
evaporation  fine  white  needles  of  the  trinitrate,  CJi^O^^HO^^^ 
The  formation  of  this  hexnitrate  proves  that  inosite  is  the 
alcohol  of  a  hexad  radical. 


SCYLLITE,  CuHioOg, 

854  This  compound  occurs  in  largest  quantity  in  the  kidney 
of  the  skate,  shark  {Raja  hatis  and  davata),  and  dogfish 
(JSci/iliujn  cmiicida),  and  also  of  the  Sjnnux  acanihius,  and  it 
also  occurs  in  the  liver,  milt,  <Src.,  of  these  cartilaginoas  fishes. 
It  may  be  prepared  from  these  sources  by  the  method  described 
for  the  extraction  of  inosite.  It  is  less  soluble  in  water  than 
the  last-named  substance,  and  crystallizes  in  anhydrous  mono- 
clinic  prisms  which  have  a  slightly  sweet  taste*     Like  inosite  it 


*  Scherer,  Ann,  Chem.  Pharm.  Imi.  875. 

*  Gallois,  FnsmitiB*  Zeitsch,  iv,  264. 

*  Vohl,  loc,  eU.  ;  Bet,  Deutsche  Chan,  Gcs.  vii,  106, 
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is  neither  coloured  brown  by  alkalis,  nor  does  it  reduce  alka- 
line copper  solution,  but  it  does  not  yield  Scherer's  reaction 
for  inosite,* 


Dambose,  C^jH^^O^- 

855  This  glucose  occurs  aa  the  monomethyl  ether  in  caoutchouc 
from  Borneo  and  as  the  dimethyl  ether  in  that  from  the  Gaboon, 
the  native  name  for  which  is  ndamho.  The  dambose  is  obtained 
from  the  ethers  by  heating  them  with  fuming  hydriodic  acid. 
It  is  easily  soluble  in  water,  but  insoluble  in  absolute  alcohol 
It  crystalhzes  in  six-sided  prisms,  which  possess  a  sweet  taste, 
and  on  heating  melt  at  212"  without  decomposition.  It  is  not 
affected  by  boiling  alkalis.  With  concentrated  nitric  acid  it 
yields  an  explosive  nitrate,  but  by  the  hot  acid  it  is  oxidized  to 
saccharic  acid. 

Damhosc  lUethyl  Ethers  or  Bornesik,  C^Hj^(CH3)0g.  By  sub- 
jecting Borneo  caoutchouc  to  pressure,  a  liquid  is  obtained  from 
which  boruesite  is  left  on  evaporation.  It  dissolves  easily  in 
water,  is  slightly  soluble  in  alcohol,  and  crystallizes  in  rhombic 
prisms  which  have  a  sweet  taste,  and  melt  at  175'.* 

Dambose  Dimethyl  Hiker,  or  Damhosite,  C^^Ji(JB,^fi^  is 
similarly  contained  in  aqueous  solution  in  raw  Gaboon  caoutchouc, 
and  is  obtained  on  evaporation  of  the  liquid.  It  is  very  sweet 
in  taste ;  and  crystalOzes  from  hot  spirit  in  anhydrous  hexagonal 
prisms,  and  from  water  in  obhque  prisms  which  contain  three 
molecules  of  water.  The  anhydrous  compoxmd  melts  at  195"  and 
hy  careful  heating  may  be  sublimed  between  200°  and  210'*  in 
long  needles.* 

Metczodambose^  C^^fi^,  occurs  as  the  methyl  salt,  termed 
matezite,  C9Hj7(CH3}Og,  in  Madagascar  caoutchouc.  This  body 
melts  at  235^  is  feebly  dextro-rotatory,  and  closely  resembles 
dambose.* 

'  Stadeler  and  Frerichu,  Jmirn.  Prakt,  Chem.  Ixiiii.  48, 

3  Girard,  Compt.  Jkitd,  Ixxiii  426. 

*  lb,  Irrii,  820. 

^  Giraid,  Bull  Soe,  Chim.  xzi.  2I&. 
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STARCH   OR   AMYLUM,  {C^K^fi^j^ 

856  Starch  was  known  to  the  Greeks,  They  denoted  this  sub- 
stance by  the  word  dfjLvXov  (a,  privativei  and  /ii/Xo9,  a  millstone), 
as  it  is  prepared  as  a  fine  flour  without  griiitliBg.  Dioscorides 
relatc'S  that  the  best  kind  of  starch-flour  is  obtained  from  Cretan 
or  Egyptian  wheat,  the  grain  being  steeped  in  water  until  the 
husk  is  Boftened,  after  which  it  is  kneaded  and  washed  with 
water.  The  husk  is  then  removed  by  sieving,  and  the  powdery 
deposit  at  once  placed  on  bricks  and  dried  in  the  sun,  as  when 
moist  it  soon  turns  sour.  Similar  statements  are  made  by  Pliuy, 
who  adds  that  starch  was  discovered  in  Chios,  Beccari  in  1743 
proved  that  wheaten  flour  yields  gluten  as  well  as  starch  when 
washed. 

Starch  is  widely  diss  em  i  Dated  throughout  the  vegetable  world. 
It  is  formed  from  the  protoplasm  contained  in  the  chlorophyll 
cells,  and  is  therefore  found  in  all  phanerogams,  whilst  it  scarcely 
occurs  in  any  of  the  cryptogams  which  do  not  contain  chlorophylL 
These  organs,  which  serve  as  reserve  material  from  which  the 
young  shoots  of  the  plant  obtain  nourishment,  are  rich  in  starch, 
and  hence  it  collects  during  autumn  in  the  medullary  rays  of 
the  wood,  in  tubers  and  roots  and  in  many  fruit  and  seeds. 

The  solid  particles  of  starch  being  the  first  recognizable 
products  of  assimilation  are  noticed  beneath  the  surface  of 
the  green  chlorophyll  corpuscles,*  Each  solid  |>article  grows 
into  a  starch  granule,  which  only  increases  in  size  as  long  as  it 
is  in  contact  with  the  protoplasm,  and  on  exposure  to  light  at 
suitable  temperatures,  ranging  from  15*"  to  25^  This  formation 
of  starch  may  be  followed  through  the  various  organs  and  tissues 
of  the  plant     If  leaves  of  certain  dehcato  plants  be  covered  for 

*  Siichs'  Flora^  1862;  Erperimtnlal  P/anzin-physiolgie^  lS65j  also  Nftc^aUp 
Zeiiachr,/,  H'issen.  Bot,  iiL  aiid  iv. 
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some  days,  it  will  be  seen  that  the  ataich  granules  have  disap- 
peared ;  if.  then,  the  leaf  be  exposed  to  direct  sunlight  the  starch 
granule  makes  ita  appearance  in  certain  cases  in  about  five 
minutes/  whilst  in  diffused  light  this  takes  about  two  hours. 
This  appearance  of  the  starch  granule  takes  place  more  quickly 
under  the  influence  of  the  yellow  rays  than  under  those  of  the 
blue.*  According  to  Schimper^  it  appears  that  in  the  deeper 
lying  parts  of  plants  where  no  green  chlorophyll  exists,  the 
starch  grains  are  found  in  connection  with  minute  granules 
of  protoplasm  termed  by  him  starch-formers ;  these  diflfer 
from  chlorophyll  corpuscles  mainly  in  not  possessing  a  green 
colour,  and  in  having  a  much  more  delicate  structure.  The 
Btarch* grain  grows  in  part  at  the  expense  of  the  chlorophyll 
corpuscles  and  of  the  starch-forraers,  in  both  cases  the  proto- 
plasm becoming  altered  and  diminished  in  quantity.  It  seems 
probable,  however,  that  a  series  of  products  intervene  between 
the  commencement  of  assimilation,  the  decomposition  of  car- 
bonic acid,  and  formation  of  starch,  although  the  existence  of 
such  intermediate  substances  has  not  yet  been  proved. 

857  Manufacture,  Starch  is  usually  manufactured  in  Europe 
from  wheat,  maize,  rice,  and  potatoes,  and,  in  tropical  countries, 
from  tlie  stems  of  the  palm  and  from  tubera  of  various  plants. 

The  oldest  nietlnxl  of  manufacturing  starch  is  that  of  the 
acid  fermentation.  This  process  is  in  use  at  the  present  day  in 
countries  in  which  a  meal-tax  exists*  The  grain  is  first  softened  by 
steeping^  and  when  sufficiently  soft  it  is  crushed  between  rollers, 
and  then  coarsely  ground  and  moistened  with  water,  after  which 
it  is  placed  in  a  large  vat,  when  fermentation  seta  in.  Agetic, 
lactic,  and  butyric  ticids  are  thus  formed  from  the  sugar,  and 
from  a  part  of  the  starch,  of  the  grain,  whilst  the  gluten  loses 
its  tenacity  so  as  to  admit  of  the  separation  of  the  starch  by 
washing.  The  mass  is  then  washed  in  a  revolving  cylinder 
having  holes  in  the  sides,  and  the  milky  liquid  allow lhI  to  settle 
in  a  vat,  in  which  the  starch,  having  settled  down,  is  again 
washed  by  decantation. 

Another  process  consists  in  first  softening  the  grain  by  soaking 
and  then  crushing  it  between  rollers  and  washing  out  the  starch, 
which,  as  it  contains  gluten,  is  allowed  to  stand  imtil  this  sub- 
stance has  been  decomposed  by  fermentation. 

*  Erans^  Jahrbuchf.  Wimm,  Boi.  vol,  vii* 

*  SacW  Texi'B&ok  of  BUany^  HicmilliLti  k  Co. 
■  Boi.  ZtUung,  1880,  p,  881. 
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A  third  plan  is  to  use  flour  which  must  first  be  kneaded  to  a 
dough  J  this,  after  washing  on  sieves  and  between  rollers,  is 
brought  into  a  centrifugal  machine,  where  the  washing  is  com- 
pleted«  In  order  to  purify  the  starch  thus  obtained  it  is  treated 
with  water  containing  some  caustic  soda,  and  then  passed  through 
a  sieve  which  retains  the  gluten  and  other  impurities  (O*  Jones). 

Maize-starck  ia  chiefly  manufactured  in  England  (Brown  and 
Poison),  and  in  the  United  States  (Erkenbrecher  and  the 
Glen  Cove  Co,),  the  operations  being  identical  with  those  de- 
scribed. Euc-siurch  is  also  prepared  in  a  aimilar  way,  the 
separation  of  the  gluten  being  facilitated  by  washing  with 
dilute  caustic  soda.  For  the  preparation  of  potato-starchy  the 
tubers  are  ground  to  pulp  and  then  washed  on  sieves  or  on  a 
centrifugal  washer.  The  wash-water  is  made  sour  by  sulphuric 
acid,  and  the  starch  afterwards  heated  with  water  containing 
^J^  of  its  weight  of  caustic  soda.  Starch  can  also  be  obtained 
from  horse-chestnuts  in  a  similar  way.  In  the  East  Indies,  the 
Philippine  Islands,  &c.,  starch  is  prepared  from  the  pith  of  the 
sago-palm  {Sagus  lams,  or  Sagiis  rhumphii).  This  comes  into 
the  market  under  the  name  of  sago  (a  word  meaning  hrtud)^ 
Arrowroot  ia  the  starch  of  the  Maranta  arundinacea  and  indica, 
and  a  few  other  tropical  plants  growing  in  the  West  Indies, 
Brazil,  and  the  Southern  States.  Tapioca  is  derived  from  the 
Jatropka  manihot,  this,  like  sago,  being  subjected  to  pressure 
to  give  the  grains  a  peculiar  form. 

858  Properties.  Starch  is  a  white  glistening  powder  which, 
except  in  the  case  of  potato  starch,  which  contains  traces  of  a 
volatile  oil,  is  devoid  of  taste  and  smell. 

The  size  of  starch  granules  varies  coDsiderably.  The  largest 
granules  occur  in  potato  starch  and  in  one  kind  of  sago  from 
cauna  gigantea,  and  these  have  a  diameter  varying  from  0'14  to 
0'185  mm.  The  granules  of  wheaten  starch,  on  the  other  hand, 
are  usually  from  0  014  to  0*05  mm.  in  diameter,  but  the  largest 
granules  of  wheaten  starch  sure  always  larger  than  the  smallest 
granules  of  potato  starch.  The  smallest  granules  are  those  of 
beet-root  and  rice,  which  have  a  diameter  of  from  0'002  to  0  015 
mm.  But  whilst  the  size  of  the  granule  varies  in  every  species 
of  starch,  each  species  exhibits  its  own  peculiar  form,  which  can 
readily  be  detected  under  the  microscope.  Not  only  is  this  the 
case,  but  adulteration  and  its  amount  can  thus  be  ascertained. 
Thus  the  adulteration  of  the  more  expensive  wheaten  starch 
with  cheaper  potato  starch  is  capable  of  precise  measurement. 
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Starch  granules  have  the  power  of  polarizing  light  like  a 
Joiibly  refracting  crystal.  The  granule  consists  of  a  series  of 
layers  arranged  round  a  nucleus  ;  this  stratified  structure  cannot 


Fid.  138.— Wlieateu  stwrch,  3U0  diimia. 


Fic.  139.— Potato  stsircb,  SCO  diama, 


always  be  observed  in  the  granules,  but  is  rendered  perceptible 
by  treatment  with  dilute  alkali,  or  with  chromic  acid. 


PiQ.  i4X._St.  ThomAS  arrowroot, 
300  diams. 

So  long  ago  as  1716  Leeuvenhoek  asserted  that  the  cell-wallo 

of    the   granules  differ    from   the    cell-contents,  and    Raspail 

confirmed  tliis  assertion,  believing  however  that  the  cell-contents 

were  identical  with  gum-arabic>     On  the  other  hand,  Guibort 

iVoMi?.  SgaUm,  Org,  Chim,  1SS3, 


Fjo.  110. — St.  YiTux-nt  arrowToot, 
^_  300  diams. 

I 
■ 
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came  to  the  conclusion  that  both  the  above  possessed  the  same 
chemical  composition,  and  that  they  only  differ  physically.^ 
The  structure  of  the  starch  granule  was  then  carefully  examined 


FlO.  142. — Sago  stiirch  (jmrtially 
gtlatiwizcd),  300  dinina, 


FiQ,  143.— Kye  starch,  800  dinmri. 


by  Fritsche,^  and  the  classical  researches  of  Naegeli  ^  proved  that 
starch  is  a  mixture  of  several  isomeric  compounds.  The  chief 
portion  consists  of  pure  amyluM  or  granulcm,  the  remainder 


Fig.  144.— Mftbcs  stnrch,  SOO  diams. 
(a>  From  the  outer  portion  of  th«  grain* 
(b)  From  the  iuner  menly  portion. 


Fia.  145,— Rice  starchy  300  diama. 

(a)  A  portion  of  the  e^tUukr  tissue, 

(b)  Free  starch  grains. 


being  made  up  of  starch  cellulose  or  farinom.  These  bodies  do 
not,  however,  differ  essentially  from  each  other  but,  as  will  be 
^  /(Mm,  Chim.  Med,  v.  0.        »  iV^.  Ann,  xxiii.  12&,        »  Jahrtabir.  1850»  544. 
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shown,  are  connected  together  by  a  variety  of  intermediate 
products.^ 

Wheu  starch  is  brought  in  contact  with  acidified  water  or 
with  water  containing  certain  ferments,  the  granulose  diss^jlves 
completely,  wliil^t  the  starch  cellulose  reraains  behind  in  the 
ori;^nal  furm  of  the  granule.  This  separation  requiit'K  from  two 
to  fuur  days  for  its  completion  if  1  part  of  starch  be  mixed  with 
40  parts  of  concentrated  solution  of  common  salt,  contiiiuiiig 
1  per  cent,  uf  hydrochloric  acid  and  the  whole  heated  to  60^^ 
If  the  granules  are  not  broken,  starch  is  not  acted  on  by  cold 
water,  but  if  they  be  rubbed  up  with  water  a  part  of  the 
granulose  dissolves.  This  solution  can  -be  filtered  and  has  a 
powerful  dextro-rotatory  action.     The  longer  the  treatment  iB 


Fic#.  146,— Milkt  stiUik,  3U0  dbiua. 


Fiu.  147.— Buck  will at  .starch,  300  Jiams^ 


CDntinued,  the  greater  is  the  portion  which  dissolves  until,  at 
length,  only  the  cell-walls  remain* 

859  When  starch  is  heated  witli  water  the  granules  begin  to 
&we!l  up,  and  then  burst  with  formation  of  starch -paste.  Tlie 
temperature  at  which  the  granules  begin  to  swell  and  also  that 
at  which  a  contplete  transformation  into  paste  occurs,  differs 
according  to  the  nature  of  the  starch.  As  a  rule,  the  swelling 
begins  at  about  50°  and  is  completed  at  from  60**  to  70*,  In 
the  case  of  barley  starch,  however,  the  change  begins  at  ST'^'S  and 
is  finished  at  62**'5,  whereas  the  starch  from  acorns  does  not 

^  Na^^li,   BeUrdge  Kvr  ndhertn  Kennhiiu  4er  Bt^ht  Orujtpe,     Leipzig ; 
Ei^clmanu,  1861. 
*  Hchultie,  SaehMe*i  Farhataffe,  JToAfenA^mfe,  Ac,  p.  123, 
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appear  to  swell  until  67'*5,  and  is  not  corapletely  resolved  into 
paste  below  ST"*  5.^ 

To  produce  an  even  starch-paste  the  starch  is  first  rulibed  up 
intimately  with  a  small  quantity  of  water  to  form  a  creamy  mass 
and  then  boiling  water  added-  If  this  past^  be  treated  in  the 
cold  with  extract  of  malt,  the  granulose  diss4>lves  and  the  farinose 
remains.  Soluble  starch  is  also  formed  when  starch-paste  is 
boiled  with  water,  and  the  same  change  takes  place  to  a  certain 
extent  when  the  paste  is  allowed  to  stand  for  a  long  time.  The 
insotuble  portion  is  soluble  in  caustic  potash,  and  when  this 
alkaline  solution  is  boiled  it  is  resolved  into  soluble  starch,-  a 
change  which  is  also  accomplished  by  the  action  upon  starch, 
of  acids,  zinc  chloride,  &c. 

Soluble  starch  is  best  obtained  by  heating  sixty  grams  of 
potato-starch  fur  hidf  an  hour  to  IDO"*  with  one  kilogram  of 
glycerine,  and,  when  the  mixture  has  cooled  to  120^  pouring  on 
to  it  two  or  three  times  its  volume  of  strong  alcohol,  when  soluble 
starch  separates  out  as  an  amorphous  white  powder.  This  is 
soluble  in  water  and  in  dilute  spirit,  and  on  drying  forms  a 
chalk-hke  mass  insoluble  in  water.  The  concentrated  aqueous 
solution  gelatinizes  on  standing  for  some  time  * 

The  well-known  iodine  reaction  for  starch  was  discovered 
by  Stromeyer*  as  well  as  by  Colin  and  de  Glaubry.*  Iodine 
vapour  colours  starch  yellow  or  brown  on  the  surface  ;  a  solution 
in  iodine  in  strong  alcohol  or  ether  imparts  to  starch  scarcely 
any  colour,  but  in  presence  of  water  it  yields  a  violet  or  blue 
tint,  whilst  with  starch-paste  or  soluble  starch  it  gives  a  deep 
blue  tint. 

According  to  Naegeli  that  portion  of  the  granulose  which 
13  coloured  blue  by  iodine  is  first  brought  into  solution  by  dilute 
acids.  This  p>rtion,  which  has  the  greatest  attraction  for 
iodine,  is  contained  in  largest  quantity  in  potato-starcb,  and 
this  always  becomes  coloured  first.  When  a  change  is  effected 
by  acids,  the  insoluble  portion  assumes  a  violet  tint.  On 
further  action  of  acid  the  residue  is  coloured  red  by  iodine,  and 
after  a  time  this  changes  to  a  reddish  yellow  tint,  the  residue 
then  consisting  of  starch  cellulose. 

The  several  kinds  of  starch  consist  of  varying  mixtures  of 
these  different  modifications.     Potato-starch  contains  more  of 

^  LippTnanu,  JourTi.  PrakL  Ckem,  Ixxxiii.  fil, 
■  Brown  and  Herou,  €hem,  Soc.  Tran4. 1879,  p.  ^^(i, 
'  ZulkowakVt  Ber.  Detit/fch,  Chcjn,  GtJi.  liii.  1395, 
*  Scfijtfftiijtj  Journ,  xii.  3i9.  •  JL  adii,  453. 
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the  "  yellow "  than  of  the  "  blue  "  modification  and  only  small 
quantities  of  the  intermediate  varieties.  Wheaten  starch  gives 
a  violet  coloration  with  iodine,  as  the  amoiiut  of  the  *' blue  *' 
substance  present  is  only  small,  whilst  a  larger  proportion  of  the 
"  red  **  and  "  violet  "  modification  is  contained,  but  on  boiling 
with  water  the  *'  blue  "  substance  is  formed,* 

The  blue  colour  of  starch-paste  or  of  soluble  starch  disappears 
when  the  liquid  is  warmed  and  returos  when  it  is  cooled^so  that 
the  reactioQ  is  most  dehcate  when  the  liquid  is  coldest,  A 
solution  containing  0.00000002  grm.  of  iodine  is  turned  per- 
ceptibly blue  at  0°,  but  nut  at  13^  At  the  latter  temperature 
the  colour  is  first  observed  with  0*000003  of  iodine,  and  at  30' 
0*000009  is  needed.  Iodide  of  starch  is  not  a  chemical  compound, 
its  formation  depending  on  surface-attraction,  like  that  exhibited 
by  wood-charcoal  for  colouring  matters.  The  decolorization  on 
heating  is  explained  by  the  fact  that  iodine  is  much  more 
soluble  in  hot  than  in  cold  water,  and  also  by  the  slighter  degree 
of  attraction  exerted  by  the  starch.  Bromine  imparts  to  starch 
a  deep  yellow  colour. 

Starch  is  largely  used  in  the  arts,  for  laundry  purposes,  paper 
sizing,  bookbinding,  weaving  and  finishiog  calicoes,  also  for 
preparing  the  thickening  for  colours  and  mordants  in  calico- 
printiug,  for  dusting  the  forms  in  metal  founding,  and  a  variety 
of  other  purposes. 

86o  Metallic  Compotmds  of  Amylum.  Thin  starch-paste  is 
precipitated  by  alkalis,  alkaline  earths,  ammoniacal  solution  of 
lead  acetate,  &c.  The  compounds  thus  obtaiued  have  been  but 
very  slightly  examined. 

Ethereal  Salts  of  Amylum.  When  cold  sulphuric  acid  acts 
upon  starch  flour  several  acid  sulphates  are  formed  ;  these  yield 
amorphous  salts,* 

Nitraies  of  Amylnm.  Braconnot, by  the  action  of  concentrated 
nitric  acid  on  starch  flour,  prepared  a  body  which  he  believed 
waB  obtainetl  from  starch  without  any  diminution  in  weight, 
To  this  he  gave  the  name  of  Xyloidine  (^i5Xoi;  wood  ;  eZSo?  like)* 
because  it  appeared  to  resemble  woody  fibre,  Liebig,  however, 
showed  that  this  body  contains  the  elements  of  nitric  acid^  and 
Pelouze*  found  that  100  parts  of  starch  yield  from  128  to  130 
parts  of  xyloidine.     Analysis  shows  that  this  body  consists  of  a 

>  Zkbig'a  Ann,  clxxm,  21S. 

'  Blondean  «le  Carolled,  Jnn,  Chtm,  Pharm,  UL  416  ;  Fehlmg,  ik  Iv,  13, 

'  i6,  viL  245,  *  Jb,  yH,  240,  *  C&mpUa  JUndus,  vii  713;  xxiii.  89a 
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mixture  of  the  mononitrate  Ci2Hj,,(N0J0^  and   the  dinitrate 

Ci2H^g(NOjj)20g.  Becliamp  then  proved  that  the  latter  cx>m- 
potmd  exists  in  an  insoluble  and  a  soluble  modification.^  The 
first  is  prepared  by  rubbing  1  part  of  dry  starch  with  5  to  5 
parts  of  furoing  nitric  acid,  and  mixing  the  semi-fluid  mass  with 
from  20  to  Si)  parts  of  water.  The  curdy  mass  is  then  washed 
with  water  and  dissolved  in  a  mixture  of  10  parts  of  glacial 
acetic  acid  and  1  part  of  an  acetic  acid  of  69  per  cent.  On  the 
addition  of  water  a  white  powder  ia  precipitated  only  soluble  in 
the  above-mentioned  mixture  of  acid.  To  prepare  the  soluble 
dinitr-oxyamylum  10  to  12  parts  of  fuming  nitric  acid  must 
be  used,  the  pasty  mass  is  then  precipitated  by  water,  washed, 
dried  and  dissolved  in  ether-alcohoL  This  modification  also 
dissolves  in  glacial  acetic  acid,  and  in  various  other  solvents, 
but  not  in  strong  spirit.  Both  bodies  explode  when  heated 
to  about  200^ 

Bt5champ  has  also  prepared  a  t^^tranitrate  CjoH^^  (^^s)fi$  ^^ 
both  a  soluble  and  an  insoluble  moiiification.  They  also  explode 
when  heated  to  273"  and  decompose  slowly  at  ordinary  tem- 
peratures. All  these  nitrates  are  reconverted  into  starch  by  the 
action  of  ferrous  chloride  solution  in  presence  of  some  iron 
filings. 

Ei\Tucdo-Amyhtm,  C^M^^{0^^f>.^QO.^*  This  compound  is 
formed  when  stare h - tl ou r  ia  heated  to  150'' with  acetic  anhydride. 
It  i»  a  white  powder  insoluble  in  water  and  not  coloured  by  iodine, 
but  saponified  by  alkalis  with  formation  of  insoluble  starch 
which  gives  the  iodine  reaction.  If  the  temperature  to  which 
the  above  mixture  be  heated  rises  to  100"*  a  higher  acetate  is 
not  formed,  but  the  isomeride  HcxacetodcxtriTU? 


Paramylum  (CflHi^OJ^, 

86i  Tliis  body  occurs  in  the  infusoria  Eugkna  viridis  which 
forms  a  green  scum  on  the  surface  of  tlie  water  in  which  it  grows. 
It  exists  in  the  form  of  colourless  granules,  which  dissolve  in 
caustic  potash  and  are  repreci  pita  ted  unchanged  on  acidifying 
the  solution.  They  are  not  coloured  by  iodine,  remain  unaltered 
in  presence  of  diastase  or  of  dilute  acids,  but  when  boiled  with 
concentrated  hydrochloric  acid  they  yield  a  fermentable  sugar,' 

1  Ann.  CftiTO,  Fhffs.  [31  Ixir.  311, 

*  Nail  din  and  Scliatzenberger,  Cmnpt.  Rend,  xlviii  814, 

'  Gottlieb,  An}^  Chettu  Pktrvi,  Jxxv.  51. 
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862  In  1811  Vauquelin  pointed  out  that  starch  can  be  con- 
verted by  heating  into  a  substance  resembling  gum  arable ;  about 
the  same  time  Kirchhoff  found  that  when  starch  is  boiled  with 
dilute  sulphuric  acid  a  crystaUizable  sugar  is  formed,  and  soon 
after  Vogel  showed  that  in  this  latter  reaction  a  gum-Uke  body 
is  also  produced.  That  the  gluten  contained  in  wheaten  and 
other  grain  has  the  power  of  effecting  a  similar  change  on 
8tarch,  and  that  this  is  brought  about  more  quickly  by  malted 
grain,  was  also  noticed  by  KirclihoS'  in  1814.  Payen  and 
Persoz  were  the  first  to  isolate  the  active  principle  of  malt, 
and  to  this,  in  1833.  they  gave  the  name  of  diasfasc,  as  they 
believed  the  action  of  this  body  to  be  a  simple  separation 
(Stdaraa-i^i)  of  starch  from  the  granuk',^  Shortly  before  this, 
Biot  and  Persoz  had  examined  starch  gum,  and  had  given  to  it 
the  name  of  di'xtrine,  from  its  dextro-rotatory  power.*  They 
supposed  that  this  body,  an  isomeride  of  starch,  is  the  first 
protluct  of  the  change  of  this  latter  body  to  sugar,  so  that  by 
the  action  of  dilute  acids  dextrine  is  converted  into  sugar  by 
the  assumption  of  the  elements  of  water,  and  this  view  was 
generally  adopted.  But  in  1860  Musculus  proved  it  to  be 
incorrect,  as  he  show^eS  that  dextrine  and  sugar  are  formed 
simult^xneously.  This  fact  was  doubted  until  O'Sullivan*  proved 
the  tnith  of  the  view"  enunciated  by  Musculus,  and  also  showed 
that  the  sugar  which  is  first  produced  from  starch  is  not  dextrose, 
as  hail  been  believed,  but  maltose.  According  to  this  observer, 
the  following  equation  represents  the  action  when  an  infusion 
of  malt  has  acted  on  starch  paste  for  from  five  to  ten  minutes 
at  63° : 

At  temperatures  between  64"  and  70**  the  following  change 
occurs  provided  the  mixture  be  quickly  cooled  after  complete 
fluidity  occurs : 


1  Ann,  Chim.  Phys.  [2],  liii.  73. 


»  Jounu   Uhefn,  Soe,  1876,  ii.  125. 


«  Ih.  PI  liL  72. 
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About  95**  the  diastase  ceases  to  be  active.  At  temperatures 
near  to  this  the  decomposition  occurs  as  follows  : 

The  dextrine  thus  formed  passes^  on  longer  contact  with  the 
malt  infusion^  into  maltose. 

Miirker  appears  to  have  come  to  diCFerent  conclusious  con- 
cerning the  nature  of  these  changes.  He  found  that  more 
maltose  and  less  dextrine  were  produced  at  lower  temperatures 
than  at  higher  ooes.^ 

Further  experiments  of  Museulus  and  Gruber  led  to  the 
supposition  that  the  starch  is  first  converted  into  a  soluble 
modification  containing  five  or  six  times  the  molecule  C^JB^O^^^ 
and  that  this  is  converted,  by  assumption  of  water,  into  one 
molecule  of  maltose,  and  into  cri/throdcxiriiie,  a  body  coloured 
red  by  iodine.  This  is  agiiin  converted,  hy  assumption  of  water 
and  elimination  of  maltose,  into  achrodcj:tHn€,  a  body  not 
coloured  by  iodine;  and  this  in  its  turn  is  converted,  by  a 
similar  set  of  clianges,  into  other  achrodextrines,  until  at  last 
all  is  converted  into  maltose.  Each  of  the  dextrines  thus 
obtained  is  distinguished  from  the  preceding  hy  its  specific 
rotation  being  less  marked,  whilst  its  cupric  reducing-power  in 
alkaline  solution  becomes  stronger.? 

Similar  observations  have  been  made  by  Brown  and  Heron, 
who  have  fully  examined  this  question.  According  to  them 
it  appears  probable  that  the  simplest  formula  for  soluble 
starch  is  lOCCjjH^oOjJ.  From  tliis  molecule  one  molecule  of 
maltose  iintl  of  a-erythrodcxirine  are  first  formed;  this  latter 
being  then  split  up,  by  absorption  of  water,  into  maltose  and 
fi-eri/throd^xtrine.  In  this  way  the  destruction  of  the  original 
starch  proceeds  with  formation  of  seven  achrodextriues  until, 
finally,  only  maltose  is  present.^  On  the  other  hand,  O'SuUivan  ^ 
assumes  that  in  the  action  of  diastase  upon  starch  we  have  not 
to  do  with  a  destruction  of  a  complex  molecule,  but  that  both 
starch  and  dextrine  have  the  molecular  formula  C^gHo^jOj^  and 
that  the  molecules  in  solution  are  arranged  in  a  series  of  molecular 
aggregates,  some  of  which  are  split  up  by  the  action  of  diastase, 
wliilst  others  again  unite  themselves  to  form  a-dextrine.  Ac- 
cording to  the   same   cheniiatj  soluble  starch   is  prepared   by 

*  Landw,  Versiichstat^  xiii.  69.  '  BulL  Soe.  Chinu  xix,  54, 

•  Contributions  to  the  history  of  starch  snd  its  trflnsformAtioiw^  Chenh,  Soc, 
Joum.  1879,  i.  590. 

^  On  the  trauBformatioE  prodttcta  of  starch,  Chtm.  Soc.  Jgum.  1879|  L  7rO. 
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beating  starch  paste  at  73-74**  C.  with  the  least  possible  quantity 
of  the  cold-water  extract  of  malt  until  the  solution  has  become 
clear,  thee  heating  to  boiling,  antl  filtering.  The  solution  is 
then  evaporated  until  a  skin  forms,  and  on  cooling  a  brilUant 
white  powder  separates  out,  which  may  be  purified  by  washing 
with  cold  water,  frequent  solution  in  hot  water,  filtration,  &c> 

Amylodeoctrijie  is  a  similar  body  obtained  by  Naegeli  by 
boiling  *'  yellow  "  starch  with  water.  On  cooHng,  or  preferably 
on  freezing,  particles  having  a  diameter  of  0*035  mm.  separate 
out.  These  polarize  light  like  starch,  and  consist  of  small 
needles,  which  may  also  be  obtained  by  adding  alcohol  to  the 
aqueous  solution.  When  dried  over  sulphuric  acid  they  ix>s6es8 
the  composition  CgjH^Ojj  +  H^O,  and  they  lose  the  molecule 
of  water  at  100°*  They  are  coloured  yellow  by  iodine,  but  their 
solution  becomes  first  violet  and  then  red  in  contact  with  this 
reagent,  showing  that  two  modifications  exist,  which  can  be 
sejjarated  by  partially  precipitating  the  coloured  solution  by 
means  of  sodium  acetate*^ 

From  the  foregoing  it  appears  that  in  spite  of  the  numerous 
investigations  on  this  subject  we  are  still  in  doubt  as  to  the 
exact  nature  of  the  various  intermediate  products  which  make 
their  appearance  in  the  change  from  starch  to  maltose. 

Commercial  dextrine  usually  consists  mainly  of  erythrodex- 
triue,  but  contains  other  constituents  besides  this  as  well  as  starch 
and  sugar.  It  is  generally  prepared  from  potato-starch,  though 
other  cheap  starches  are  used.     It  is  prepared  in  various  ways. 

Calcintd  farina,  or  JBritisk  gum,  a  subs  tan  ce  largely  used  in 
various  manufacturing  processes  as  a  cheap  substitute  for  gum 
arabic,  is  obtained  by  heating  starch  to  a  temperature  of  from 
210*  to  280"*;  the  product  prepared  at  a  low  temperature  is  less 
coloured  than  that  exposed  to  a  greater  heat,  but  the  process  is 
a  slower  one.  If  the  starch  flour  be  moistened  with  dilute  acid, 
the  change  to  dextrine  takes  place  at  from  lOU"*  to  125^  Most 
of  the  dextrine  in  the  market  is  now  made  by  this  process,  a 
mixture  of  nitric  and  hydrochloric  acids  being  generally  used, 
though  either  of  these  or  oxalic  acid  may  be  employed.  In- 
fusion of  malt  may  likewise  be  used  for  the  same  purpose,  but 
this  practice  is  not  so  common. 

Dextrine  is  either  a  wliite  or  yellowish-white  powder,  or  a 
translucent,  brittle  mass,  easily  soluble  in  water,  yielding  a  clear 
mucilage,  which  is  precipitated  by  alcohol  This  aqueous  solution 
^  Lwbig'i  Ann»  cbcxiii,  2IS. 
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is  converted  into  maltose  in  presence  of  diastase,  this  change 
being  also  effected  on  boiling  with  dilute  acids ;  but  by  further 
action  this  changes  into  dextrose.  This  latter  can  be  reconverted 
into  an  achrodextrine  by  dissolving  the  dextrose  in  concentrated 
sulphuric  acid  and  precipitation  with  a  95  per  cent,  alcohol, 
the  dextrine  separating  out  as  a  white  amorphous  mass  readily 
soluble  in  wat^r.  This  dextrine  possesses  twice  the  rotatory 
power  of  dextrose,  into  which  it  again  is  transformed  by  boiling 
with  dilut43  sulphuric  acid.^ 

When  dextrine,  and  therefore  also  starch  and  bread,  is  roasted, 
a  soft,  amber-coloured,  soluble  body^  termed  by  Reich enbach* 
ussamttr^  is  formed.  According  to  Gtlis  a  brown,  brittle  mass 
oi pyrod^xstriiie,  C^gH^^O^^,  is  formed  under  similar  circumstances.^ 

Sinistrine,  (CgH^^O^Jn.  is  a  body  resembling  dextrine,  found  in 
the  sc^uill  {l/rffima  scilJa),  It  is  Itevo-rotatory,  is  not  coloured 
by  iodine,  and  yields  lfie\^lase  when  boiled  with  dilute  sulphuric 
acid.* 

Lichinine.  {G^ifi^u,  This  body,  also  known  as  moss-starch, 
occurs  in  Icelaud-raoss  {Ceiraria  islandioa).  It  is  soluble  in  hot 
water,  but  sepaiTites  on  cooling  in  a  gelatinous  form.*  The 
lichen  also  contains  another  substance,  'mlkhininc,  soluble  in 
cold  water,  but  insoluble  in  alcohol ;  it  is  distinguished  from  the 
foregoing  compound  by  being  tinted  blue  by  iodine.^ 


863  In  1801  Valentine  Rose^  obtained  a  white  powder  from 
the  roots  of  elecampane  (Inula  hekmuw)^  "  which  stiinds  between 
starch  and  sugar  in  its  properties."  To  this  Thomas  Thomson 
gave  the  name  of  inuUn,  whilst  its  composition  was  ascertained 
by  Mulder.  This  body  appears  to  replace  starch  in  the  roots  of 
many  species  of  Com})asita\  occurring  in  the  dahlia  tubers  (of 
which  as  much  as  10  per  cent,  by  weight  consists  of  inuhn) ;  in 
those  of  the  Jerusalem  artichoke  {Hilianthus  tuhcromis)  ;  in 
the  roots  of  the  dandelion  (Taraxacufn  officinale)*,  in  chicory 
{ChicoHum  intylnts),  InuiJn  is  also  found  in  the  fleshy  stems 
of  different  species  of  the  Cacalia  and  Kkinia,  in  the  woody 

^  MuscuJua,  BulL  Soc,  Chim,  xriiL  68, 

*  Jnn,  Chan,  Pharm,  xlix.  1.  »  Ann,  Chinu  Phys,  [3],  lii.  SSa. 

*  Schmiedberg,  IJoppe-StnfJer'g  Zeit^ckr,  ill  112. 

•  Knop  anil  SchniHlmnwin,  Ann,  Chem.  Fkarm,  Iv.  1C5. 

•  hcrg,  Jahrf.^b,  1873,  848. 

'  Gelileuj  Joum,  Chcm*  UL  217, 
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stalks  of  Miisschia,  in  the  herbaceous  stalks  of  Sitflidiitm 
sicffriUicosum  and  Sellkra  radicalism 

For  the  preparation  of  inulin  the  tubers  of  dahlia  are  boiled  out 
with  water,  to  which  some  linie  is  added,  and  the  concentrated 
extract  frozen.  After  thawiog,  the  brown  deposit  is  dissolved 
in  hot  water,  the  liquid  again  frozen,  and  the  operation  repeated 
three  or  four  times.  The  concentrated  mother-liquors  yield 
more  inulin.  The  powder  is  washed  first  with  flihite  spirit,  then 
with  alcfjthol  of  93  per  cent,  and  lastly  with  ether-alcohol,  after 
which  it  is  dried  in  vacuum  over  sulphuric  acid.* 

Inulin  is  a  snow-white  powder  consisting  of  qjhcero-crystalsi 
Boluble  in  hot  water,  but  only  slightly  so  in  cold,  and  insoluble 
in  absolute  alcohol.  It  is  very  hygroscopic,  and  when  dried 
possesses  the  composition  (0^,11^,0 J^  +  H^O,  or  O^^fi^^^  It 
is  not  coloured  blue  by  iodine ;  its  solution  possesses  la?vo-rota- 
tory  power,  and  on  boiling  with  dilute  acid  it  is  transformed 
into  Isevnlose ;  diastase,  however,  does  not  effect  this  change. 


864  This  compound,  which  occurs  together  with  inulin  in  the 
tuber-bearing  Synantlitrfm,  as  dahlia  and  Jerusalem  artichoke, 
was  first  prepared  by  Ville  and  Joulie.*  It  w^as  then  examined 
by  Popp,  who  classed  it  as  a  saccharose,  and  termed  it  synan- 
throse.*  Diek  and  Tollens  afterwards  determined  its  exact 
composition.* 

To  prepare  this  substance  the  expressed  juice  of  the  ripe 
tubers  is  precipitated  with  lead  acetiite,  the  filtrate  heated  with 
sulphuretted  hydrogen,  and  the  solution  evaporated  after  neutra- 
lisation with  magnesia,  La^vulin  is  extracted  from  the  residue 
by  boiling  dilute  alcohol,  whilst  the  inulin  remains  insoluble, 
La^vuliii  is  also  found  in  the  young  rye  grain;  it  diminishes  in 
quantity  as  the  com  becomes  ripe,  w^liilst  the  starch  increases- 
in  amount.^ 

Lfevulin  is  an  amorphous  deliquescent  body,  possessing  an 
insipid  taste,  and  is  converted  on  briiling  with  dilute  acids  into 
dextrose  and  laivulose.  Its  solution  is  opticidly  inactive,  and  it 
enters  slowly  into  fennentatiou  in  presence  of  yeast,  being  first 
decomposed  into  the  two  glucoses. 


*  Ann.  C7tcm.  Pharm,  rxTiii.  278. 

*  BvAL  Sf*c.  Chim.  [2],  vii.  262. 

*  iWrf.  cxcnii.  228. 
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*  Kilwntt  LUhig*it  Ann,  ccv,  145. 

*  Ann.  Chem.  Pharm,  clvi.  ISl, 

*  MiiuU,  Cmnpt.  JktuL  UaxviL  67ft 
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Triticin  {Qi^M^ifii^n,  is  also  an  amorphous  substance, 
ing  Ivftvo  rotatory  p^wer  and  yielding  laevnlose  on  boiling  with 
acid.      It  is  found   together   with  invert-sugar  in  couch 
{Triticum  repcns)} 


Glycogen.  (CeHi^jOJn. 

865  This  substance,  sometimes  called  animal  starch,  was  dis- 
covered by  Claude  Bernard  in  human  liver  as  well  ajs  in  that  of 
graminivorous  animals.  He  gave  to  it  the  name  of  matitr€ 
glyayghu^t  because,  after  the  liver  ia  freed  from  sugar  by  washing,  a 
Bubstance  is  found  which  yields  sugar  with  a  ferment  also  present 
in  the  liver.-  Since  then  glycogen  has  been  shown  to  exist 
very  widely  diffused  throughout  the  animal  kingdom,  indeed  it 
appears  to  be  an  essential  accompaniment  of  cellular  growth,' 
occurring  in  large  quantity  in  the  foetus.*  It  also  occurs  in 
blood  and  muscular  tissue.*  Moreover  it  is  found  in  mollusca  ; 
thus,  dried  oysters  are  said  to  contain  as  much  as  9'5  per  cent. 
of  glycogen.^  This  substance  has  also  been  detected  in  the 
vegetable  kingdom,  in  moulds  and  other  fungi.^ 

To  prepare  glycogen  the  fresh  liver  of  an  animal,  slaughtered 
soon  after  a  meal,  when  it  is  ricljest  in  glycogen,  is  finely  cut 
up  and  boiled  out  with  water,  and  the  extract  treated  first  with 
a  solution  of  potassium  mercury  iodide  and  afterwards  with 
hydrochloric  acid,  and  this  repeated  until  no  further  precipitate 
occurs,  in  order  to  separate  out  the  nitrogenous  materials.  The 
glycogen  is  then  precipitated  by  addiog  alcohol  to  the  filtrate, 
the  powder  being  washed  with  alcohol  first  of  60  per  cent.,  then 
of  95  per  cent.,  and  lastly  with  ether.**  As  boihng  water  dissolves 
glycogen  only  slowly,  it  is  preferable  to  use  caustic  potash 
solution,  and  then  to  treat  the  solutiim,  having  been  neutralized 
witli  hydrochloric  acid,  as  above.*  The  nitrogenous  constituents 
can  be  separated  by  boiling  with  zinc  chloride,  when  the  glycogen 
remains  unaltered, ^*^ 

Glycogen  is  a  white  amorphous  powder  possessing,  when  dried 

1  H,  Mu!l€T,  JuAmS.  1878,  832. 

'  Jahresb.  1857,  &52. 

'  Hoppe-Seyler,  Phymh  Chan.  1877,  i.  82. 

*  McDonnell.  Proe.  Hoy,  Site,  xii.  476  -,  xiiL  371. 

*  Nasae,  Zcits.  PhysioL  Chem,  iii.  201. 
«  Bizio.  ZtWichr.  Cht'm,  1866,  222. 

7  Kaiure,  Noveiiilier  1,  18S3. 

*  Bniekc,  Jahrefb.  1871,  843. 

*  Wittii-ii,  ZtUMh,  AjiaL  Ch^m,  liv.  227. 
>•  Abelea,  ZeiUch,  AnaL  Chem.  xviL  500. 
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over  calcium  chloride,  the  composition  CuHj^Oj^  +  H^O,^  but 
losing  its  water  at  lOOV  It  dissolves  ia  water,  forming  an 
opaltiscent  liquid,  which  becomes  colourless  on  addition  of  acetic 
acid ;  this  solution  is  powerfully  dextro-rotatory,  and  is  coloured 
wine-red  by  iodine.  On  b<3iling  with  dilute  hydrochloric*  or 
sulphuric  acid,  glycogen  is  converted  into  dextrose,*  whilst,  by 
contact  with  diastase,  dextrine,  maltose,  and  dextrose  are  formed, 
these  bodies  occurring  in  the  hver  examined  after  the  rigor- 

^ mortis  has  occurred,'*      The  dextrine  which  Limpricht  found  in 
horse-flesh  "*  was  in  all  probabihty  a  product  of  decomposition  of 
glycogen.^ 
wid 
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866  The  substances  classed  under  the  above  head  occur 
widely  distributed  throughout  the  vegetable  world,  but  seldom 
in  animal  bodies.  They  are  amorphous,  insohible  in  alcohol,  but 
either  dissolve  in  water  or  swell  up  when  placed  in  this  men- 
struum. They  are  not  coloured  by  iodine,  and  when  boiled 
with  dilute  sulphuric  acid  they  are  converted  into  glucoses. 

Araldn^  or  arahic  add,  is  the  chief  constituent  of  gum  arabic, 
which  exudes  from  the  bark  of  several  species  of  acacia  growing 
in  tropical  countries.  The  finest  specimens  of  this  gum  come 
from  Egypt  and  Senegal,  less  pure  varieties  from  Morocco  and 
the  Cape.  Gum  arabic  is  also  imported  from  Australia,  but  the 
largest  amount  comes  from  Egypt  and  the  Red  Sea  ports  on  the 
Arabian  coast,  whence  its  name. 

The  ancient  Egyptians  were  acquainted  with  this  gum  and 
termed  it  Kami,  using  it  in  painting.  Theophrastus  mentions 
that  jvo/i/i*  is  a  product  of  a  tree  called  axavBa,  and  Celsus  in 
the  first  century  terms  it  guTiimi  amnihium.  The  word  gum 
arabic  is  used  fur  the  first  time  by  Diodorus  Siculus  in  speaking 
of  the  products  which  had  to  pay  duty  at  the  Roman  custom- 
house in  Alexandria.  It  was  certainly  shipped  in  early  times 
from  the  Gulf  of  Aden  to  Arabia,  where  it  was  used  as  a 
medicine. 

*  Biiio,  }oe,  ciL  '  Kekde,  Jakresb,  1858,  570* 

*  BtTthelot  and  LBcft»  JahrcMb,  185»,  627* 

*  MiiydL  Z^U»eh.  Physiol  Chrm,  iii,  196. 

*  Atiisculua  and  Mering^  ibid,  iL  403. 

*  Jnn.  Chtm,  Ffmrtn,  cxxxjii.  204, 
^  D^mant,  ZeiUch,  PhysioL  Chan,  iii.  200. 
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The  best  Cordovan  or  Egyptian  gum  comes  into  the 
market  in  the  form  of  round  or  egg-sliaped  lumps  about  the 
size  of  a  walnut.  These  are  colourless  or  slightly  yellow  and 
cracked  tliroughout  the  mass,  easily  breaking  in  irregular 
masses,  having  a  glassy  fracture.  The  Senegal  gum  ia  found 
in  larger  masses,  which  are  less  friable  than  gum  arabic. 

Gum  arabic  leaves  on  burning  a  residue  of  about  3  to  4  per 
cent,  of  ash  consisting  of  the  carbonates  of  potassium,  calcium, 
and  magnesium  ;  these  metals  being  contained  in  the  gum  as 
salts  of  arabic  acid.  This  consists  at  least  of  two  varieties,  as 
solutions  of  the  different  kinds  of  gum  deviate  the  ray  of 
polarized  light  some  to  the  right  and  some  to  the  left. 

Arabic  acid  may  be  prepared  from  mucdage  by  adding  liydro- 
chloric  acid  an<l  precipitating  with  alcohol,  dissolving  this  in 
water  containing  the  same  acid,  and  reptjating  this  several  times. 
It  may  also  be  obtained  by  dialysing  the  acid  solution.  In  the 
moist  state  arabic  acid  is  a  milk-white  mass,  having  an  acid 
reaction  and  setting  free  carbon  dioxide  from  carbonates.  It  is 
soluble  in  water,  but  after  drying  it  swells  up  in  contact  with 
water,  dissolving  again  on  addition  of  lime-water  or  baryta- 
water*  An  aqueous  solution  of  pure  arabic  acid  is  not  thrown 
down  on  addition  of  alcohol  alone,  but  the  presence  of  a  few 
drops  of  hydrochloric  or  nitric  acid  or  of  a  salt  solution  occa- 
sions an  immediate  precipitate.^  Arabin  dried  at  100°  has  the 
composition  C^^^^^a^-^u'  ^°^  ^^  ^^*^**  ^^  loses  one  molecule  of 
water.* 

Silkworms  and  other  insects  contain  gum  of  a  similar 
character.^ 

Gum  arabic  is  used  for  the  same  purposes  as  dextrine,  also 
in  medicine  to  prepare  pastes  and  syrups,  and  for  a  variety  of 
purposes  in  the  arts,  for  giving  lustre  to  crape,  for  colours,  and 
in  the  preparation  of  ink,  as  holding  the  insoluble  tannate  of 
iron  in  sus|>ensiun.  This  last  property  of  gum  may  be  easily 
shown  by  adding  sulphide  of  ammonium  to  a  mixture  of  gum 
mucilage  and  a  solution  of  sugar  of  lead  ;  the  black  opaque 
liquid  dties  not  deposit  a  precipitate  on  standing,  and  is  not 
decolourized  on  filtration. 

867  Metwabic  Acid,  or  Cerasvi,  is  the  substance,  insoluble  in 
pure  water  but  soluble  in  alkaline  liquids,  obtained  by  heating 
gum  arabic  to  100°,     Cerasin  occurs,  together  with  ambin,  as  a 

1  Kaubauer,  ^7*71.  CJiem^  FJutrm.  cii,  105,        ^  Gelis,  Compi,  Jieud^  Jtliv*  114. 
*  Ann,  Ckenu  Fharm.  cxi  26. 
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lime  compound  in  tbe  insoluble  par 
in  sugar-beet  and  other  fleshy  roots.  To  prepare  it  from  beetroot 
the  press-cake  is  broken,  repeatiidly  extracted  with  alcohol,  the 
solution  being  each  time  expressed,  and  boiled  with  water  to 
drive  off  the  alcohol.  On  the  atldition  of  milk  of  lime,  and  on 
warming  on  the  water- bath,  the  metarabic  acid  is  converted 
into  arabin;  the  filtrate  is  then  freed  from  lime  by  carbonic 
acid,  the  clear  liquid  eva|>onited  with  acetic  acid,  and  the  arabin 
precipitated  by  alcohol*  It  is  difficult  thus  to  obtain  the  arabia 
free  from  inorganic  constituents ;  to  effect  this  a  partial  pre- 
cipitation by  alcohol  must  be  made,  and  the  precipitate  allowed 
to  stand  with  the  solution,  and  in  a  few  weeks  tbe  whole  of  the 
mineral  matter  is  found  in  the  precipitate.'  The  arable  acid 
thus  prepared  is  more  powerfully  laevo-rotatory  than  any  other 
kind  of  gum  arabic,  and  is  probably  a  pure  compound. 

Bextran,  ot  fermeniahle  (fum,  is  found  in  unripe  beetroot,^  and 
it  is  also  formed  in  the  mucic  fermentation  of  sugar,  and  in  the 
lactic  fermentation,^  Dextran  likewise  not  unfrequently  separ- 
ates out  as  a  jelly-like  body  in  the  working  of  the  beetroot- 
sugar  process,  and  is  often  found  in  considerable  quantities  in 
molasses,  from  which  it  can  be  separated  by  addition  of  w^ater 
and  hydrochloric  acid,  and  precipitation  with  alcohol  (Scheibler). 
It  is  an  amorphous  substance,  readily  soluble  in  water,  power- 
fully dextro-rotatory,  and  slowly  yielding  dextrose  when  boiled 
with  acid. 

868  Farabin,  C^j^H^^O^i,  is  found  in  carrots  and  beetroot,  and 
in  larger  quantities  in  afjar-agtir^  or  Ceylon  moss,  in  a  seaweed 
(Gracilaria  lichenoides)  used  in  China  and  India  for  making 
soups^  jellies,  &c.,  and  now  seen  in  European  markets.*  The 
name  gclose *  was  given  to  this  body  by  Morin  and  Porumbaru. 
Parabin  is  also  found  in  an  edible  alga  from  Swan  River  (Crigar- 
Una  speciosa).  It  was  formerly  thought  that  this  and  other 
algge  yielded  the  material  of  the  celebrated  Chinese  birds'  nests, 
but  it  is  now  ascertiuned  that  the  swallows  themselves  secrete 
the  material  of  which  the  nests  are  made. 

To  prepare  parabin  the  beet  press-cake  is  washed  with  water 
and  spirit,  then  extracted  with  a  1  per  cent,  hydrochloric  acid, 
and  precipitated  by  alcohol.     It  is  a  powder  which  swells  up  to 

*  Scbifibler,  jSer.  DeutiK-h.  Chem.  Get.  vi.  012. 
'  Jb,  Wagner  Jahrtiib,  1876,  790. 

*  Brflning,  Ann*  Chem.  Pharm,  civ.  107. 

*  Iteichardt,  Ber,  Ikutsch,  Cfum.  Gc$,  Tiii.  807, 
»  Ctmpt,  Rcni,  xc.  924,  1081, 
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a  jellj  in  contact  with  water,  dissolves  in  dilute  mineral  acids, 
and  is  precipitated  by  alkalis  or  alcohol.  It  is  further  dis- 
tin^ished  from  arabin  bj  the  facts  that  it  does  not  exhibit  an 
acid  reaction,  does  not  decompose  carb<:>nates,  and  does  not  yield 
arabinose  when  boiled  with  dilute  sulphuric  acid,  whilst  on  long 
continued  warming  with  alkalis  it  passes  into  arabin. 

869  Wood  gitjm.  This  substance  is  found  as  mucilage  largely 
dififiised  throughout  the  vegetable  kingdom.  After  drying,  this 
gum  is  insohible  in  cold  water  and  ammonia,  but  dissolves 
slowly  in  50  parts  of  boiling  water,  and  readily  in  caustic  soda. 
Its  alkaline  s<  ilution  exhibits  lEevo-rotatory  power.  When  boiled 
with  dilute  sulphuric  acid,  it  yields  a  glucose  possessing  copper* 
reducing  power,  but  incapable  of  entering  into  fermentation 
with  yeast  1 

AcDjrding  to  Singer  all  varieties  of  woods  and  woody  tissues 
also  contain  a  gum  which  is  soluble  in  water  and  resembles 
arabin.' 

Bassorin  occurs  in  Bassora  gum,  which  is  derived  from  a 
variety  uf  cactus,  in  Acajou  gum,  from  Anacardium  occidentali, 
and  in  gum  tragacanth,  which  is  obtained  from  various  kinds  of 
astralagus,  the  gum  either  exuding  of  itself  or  after  excision. 

It  is  gathered  principally  in  Asia  Minor,  Syria,  Armenia,  Kur- 
distan, and  Persia,  and  has  Iveen  known  from  early  times.  Theo* 
phrastus  was  acquainted  with  it,  and  Dioscorides  correctly  states 
that  it  is  derived  from  a  low  thorny  bush. 

Gum  tragacanth  occurs  in  commerce  in  yellowish-whito, 
translucent »  flat  pieces,  which  usually  exhibit  on  the  surface 
rounded  protuberances,  and  tins  variety  is  known  as  leaf  or 
sheet  gum  tragaeanth,  whils^t  the  so-called  worm  gum  tragacanth 
forms  more  or  less  thick,  vermicular  masses. 

In  addition  to  bassorin,  it  contains  arabin,  starch,  cellular 
tissue,  and  the  same  mineiul  constituents  as  gum  arable.  If  it 
be  steeped  in  water,  it  swells  up  to  a  gelatinous  mass  occupying 
many  hundred  times  the  bulk  of  the  original  substance.  If  it 
be  allowed  to  increase  from  1,000  to  1,200  times  the  bulk,  and 
the  liquid  be  poured  off,  the  mass,  on  prolonged  agitation  with  a 
large  quantity  of  water,  becomes  thin  and  fluid,  so  that  it  will 
pass  through  a  fitter;  in  this  way  the  starch  and  the  cellular 
tissue  are  kept  back,  and  each  drop  as  it  comes  through  forms 
a  thread.     When  gum  tragacanth  is  boiled  with  dilute  alkalis 

^  Tli'^uiHon,  Joum,  PrttkL  Chem,  [2],  xii.  146, 
*  Monatsch,  Ch^m,  iii,  406. 
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it  forms   a   substauce   resembling  gum  arabic,  whilst  boiling 
with  dilute  acida  transforms  it  iuto  u  crystallizable  sugar. 

In  early  times  the  old  Greek  atid  Arabian  physicians  made 
use  of  gum  tragacantb  ;  it  is  now  employed  in  phanaacy^  and 
in  confectionery,  and  it  is  also  made  use  of  in  the  place  of  other 
gummy  matters  in  finishing  and  calico-printing,  and  also  used 
by  shoemakers* 

According  to  the  receipt  of  Gahn  the  so-called  "  Sprengkolde  ** 
used  for  kadiug  a  crack  in  glass-working  is  prepared  as  follows  : 
A  solution  of  2  3  parts  of  gum  arabic  in  4  parts  of  water  is 
mixed  with  the  mucilage  got  by  treating  1  part  of  gum  traga- 
canth  with  8  parts  of  boiling  water  j  a  solution  of  0  5  parts 
gum  beikzoin  and  0  5  parts  storax  is  nibbed  up  in  the  smallest 
possible  quantity  of  alcohol,  and  the  %vhole  is  intimately  mixed 
with  from  C  to  7  parts  of  very  finely  powdered  wood  charcoal, 
and  moulded  into  rods  about  20  cm,  long,  and  of  the  thickness 
of  an  ordiniury  lead-peociL 

870  Vegetuhle  mucilage^  Parts  of  many  plants  give,  on  soaking 
in  cold  or  hot  water,  a  mucilaginous  liquid*  According  to  Schmidt, 
the  purified  dry  substance  has  the  compusition  Q^^fi^  but 
Tollens  and  Kirchner  do  not  find  this  to  be  the  ca^e  with 
every  variety  of  vegetable  mucilage. 

Linseed  mucilage  is  obtained,  by  addition  of  hydrochloric  acid 
and  precipitation  with  alcohol,  as  a  powder  which  when  dried 
at  100*"  has  the  above  composition.  On  prolonged  boiling  with 
dilute  sulphuric  acid  it  yields  a  gum  and  a  sugar,  both  of  which 
are  strongly  dextro-rotatory,  and  4  per  cent,  of  a  residue  is  left 
resembling  cellulose. 

The  mucilage  obtained  from  the  w^illow  weed  (Flutitagu 
psifUium)  hiis  the  composition  Cg^H^gOgg,  and  yields  raore  sugar 
than  that  from  linseed,  and  it  gives  6*3  per  cent  of  residue. 

Qui)i^£  miLciltaje  forma,  after  purification  with  liydrochloric 
acid,   alcohol,  and   ether,   a  porous   mass   having  the  formida 


CigH^gOj^.  With  wat-er  it  yields  a  gelatinous  mass,  wliich  is 
transformed,  on  addition  of  a  little  caustic  potash  solution,  into 
a  mucilage.  On  boiling  with  dilute  sulphuric  acid,  it  )4elds  a 
dextro-rotatory  sugar,  a  laavo-rotatory  gum,  and  34  per  cent,  of 
cellulose. 

Kirchner  and  Tollens  believe   that  the  mucilages  are  com- 
pounds of  cellulose  or  another  similar  body  with  gum,  and  thut 
the   latter,  by  the   action   of  the  acid,  is   in    part   converted 
'  Ann,  Chem,  Phantu  li.  29.  »  Ik  dxxv.  205, 
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into  sugar,  the  quantity  of  which  is  increased  on   prolonged 
boiling. 

Other  vegetable  mucilages,  which,  like  those  akeody  de- 
scribed, are  used  for  a  variety  of  purposes  in  the  art^,  and 
especially  in  pharmacy,  occur  in  marshmallow  root  {AlOwea 
qffitinalis),  in  sak-p  (the  roots  of  various  orchids),  in  Irish* 
moss  or  rock-moss,  a  species  of  seaweed  (Chondf^tta  crispn^), 
which  is  found  on  the  rocky  coasts  of  Europe  from  the  North 
Cape  to  Gibraltar,  and  on  the  east  coast  of  North  America. 
It  is  not  only  used  in  medicine,  but  also  for  clai'ifying  beer, 
in  finishing  textiles^  aa  fodder,  &c. 


CELLULOSE,  (C,H,,OJ^ 

871  This  compound  occurs  uiiiversfJIy  distributed  throughout 
the  vegetable  kingdom,  forming  cell  membrane,  but  it  is  very 
seldom  found  pure,  inasmuch  as  other  substances  pass  from  the 
cells  into  the  membrane,  and  there  become  fixed.  It  is  built  up 
from  soluble  carbohydrates  contained  in  protoplasm,  and,  with 
the  exception  of  the  very  young  cellular  tissue,  always  contains 
mineral  matters.  Cotton-wool,  frequently  washed  linen,  and 
Swedish  filter-paper  consist  of  almost  pure  ceUuJose;  the  last- 
named  may  be  obtained  free  from  ash  by  treatment  with  dilute 
hydrofiuoric  aeid*^ 

It  is  often  of  great  importance  in  the  paper  manufacture, 
and  for  other  technical  purposes,  to  separate  the  cellulose  from 
the  raw  fibre,  and  determine  its  (juantity.  For  this  purpose 
Hugo  Mtiller  recommends  the  following  method  as  being  the 
best.  Two  grams  of  the  substance  are  dried  at  110° — 115*; 
if  much  wax  or  resin  be  present  this  is  extracted  by  a  mixture 
of  benzene  and  strong  alcohol,  and  then  the  material  is  boiled 
out  a  few  times  with  water  or  very  dilute  ammonia.  The 
substance,  squeezed  as  dry  as  possible,  is  next  digested  with 
100  cbc.  of  water,  and  from  5  to  100  cbc.  of  bromine  water 
containing  4  grams  of  bromine  per  liter*  As  soon  as  the 
colour  of  the  bromine  disappears,  more  bromine  water  is  added, 
and  this  addition  is  continued  until  after  standing  for  twenty* 
four  hours  the  mixture  contains  free  bromine.  The  substance  is 
then  washed  with  water  and  heated  with  a  mixture  of  2  cbc. 
1  Felltiiibtirg,  JahrcsL  1854,  648, 
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of  ammoma  and  500  cbc.  of  water  almost  to  the  boiling  point, 
again  washed,  aiid  this  successive  treatment  with  bromiDe  and 
ammonia  repeated  until  the  liquid  ceases  to  be  coloured  brown. 
Even  straw  and  shavings  when  thus  treated  yield  a  mass  of 
isolated  cells  resemWing  paper- pulp,  whicli  wlien  washed  vnili 
water  and  boiling  alcohol  assumes  a  lustrous  white  appearance. 

Cellulose  is  insoluble  in  the  ordinary  solvents,  but  it  dissolves 
in  an  ammoniacal  solution  of  cupric  oxide.  This  reaction 
was  discovered  by  Schweitzer,^  and  tiie  reagent  is  best  prepared 
by  first  precipitating  with  caustic  soda  a  solution  of  sulphate  of 
copper  to  which  sal-an^moniac  has  been  added,  prescribing  the 
precipitate  under  water,  and,  when  the  reagent  is  needed, 
adding  the  hydrated  cupric  oxide  to  ammonia  so  long  as  it  dis- 
solves. Tlie  deep  blue  solution  dissolves  cottoo-wool  freely.^  The 
mucilaginous  fluid  may  be  filtered  after  dilution.  On  addition 
of  an  acid,  the  cellulose  is  precipitated  as  a  gelatinous  mass 
resembling  alumina,  and  on  drying  forms  a  horay,  brownish-grey 
mass. 

Cellulose  resists  the  action  of  most  reagents ;  thus  it  is  not 
attacked  in  the  cohl  by  a  mixture  of  potassium  chlorate  and 
ddute  nitric  acid,  which  soon  destroys  most  other  organic  bodies. 
It  ia  thus  possible  to  purify  crude  cellulose,^  though  the  use  of 
bromine  water  is  preferable.  Chlorine  or  bleaching  powder 
Jestroys  it,  however,  after  some  time.  For  this  reason  paper 
[>metimes   becomes   friable   when    the    pulp,    bleached    with 


chlorine,  has  not  been  thoroughly  washed.  Ozone  and  hydrogen 
dioxide  in  presence  of  water  act  similarly,  as  indeed  do  certain 
metallic  oxides,  though  in  less  degree  Thug  the  injury  done 
to  linen  by  rust  staius  is  well  known.  A  similar  slow  deteriora- 
tion in  the  strength  of  the  fibre  takes  place  in  paper  and  cloth 
of  pure  cellulose  after  lapse  of  years  by  the  action  of  the  air.  A 
remarkable  decomposition  of  cellulose  ia  that  caused  by  a  fer- 
ment contained  in  sewage  deposit,  and  also  present  in  all  fertile 
soil,  by  which  cellulose  ia  decomposed  into  carbon  dioxide  and 
marsh  gas,*  This  fennentive  decomposition  of  cellulose  must 
play  an  important  poi^t  in  the  destruction  of  woiidy  fibre  on 
Ithose  portions  of  the  earth's  surfaces  where  the  range  of 
temperature  is  such  as  to  permit  its  action. 


I  Jahreftk  18.17,  247.  •  Neubauer,  Frexniua*  SkiUehr.  xit.  196. 

■  S^hulzc,  Jahrenh.  1857,  491. 

*  Hoi»pe-Seyler,  Mer*  J}sui9ch,  Chem*  Gu»  xri    122;  H.  Jappeiaer,  ib.   xvi. 
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87a  Ilumus,  As  fonaing  intermediate  links  in  the  chain  (rota 
cellulose  to  the  two  products  above  mentioned,  come  the  brown 
or  black  substaaces  to  which  the  name  of  humua  has  been  given, 
found  in  vegetable  mould,  peat,  and  rotten  wood.  These  bodies, 
or  similar  ones,  are  produced  when  carbohydrates  are  acted 
upon  by  mineral  acids  or  by  alkalis  :  they  are  insoluble  in  acidS| 
but  dissolve  in  alkalis.^ 

Ilj/drocelliilose.  When  celluloHo  is  brought  into  sulphuric  acid  of 
specific  gravity  l'4i2,  or  into  hydrucbioric  acid  of  specific  gravity 
1*16,  it  undergoes  scarcely  any  \isible  alteration,  but  after  a  time 
it  becomes  friable,  being  converted  into  hydrocdlulme,  Cj^H^^Oj^ 
a  body  likewise  obtained  by  the  actiou  of  the  gaseous  hydraciiis 
of  chlorine,  bromiae,  aod  iodine  on  cellulose.  Tbis  substance 
is  also  formed  when  cellulose  is  moistened  with  any  dilute 
mineral  acid  and  then  dried*  It  is  soluble  in  warm  potash-lye, 
and  is  easily  oxidized^  absorbing  oxygen  at  as  low  a  temperature 
as  50°.^ 

This  last  reaction  is  employed  for  the  purpose  of  removing 
the  cotton  fibre  from  mixed  goods,  the  wool,  which  is  unacted 
upon,  being  worked  up  for  shoddy. 

Cellulose  dissolves  in  concentrated  sulphuric  acid,  an  acid 
termed  cellulose-sulphuric  acid  being  said  to  be  formed,  though 
Fehling  states  that  this  is  a  mixture.^  If  tbis  solution  be 
diluted  with  water  and  boiled,  dextrine  and  dextrose  are  formed.* 
Hence  sugar,  and  therefore  alcohol,  can  be  prepared  from  rags 
or  sawdust. 

873  Amykdd  and  Parchment  Paper,  Cellulose  also  dissolves 
in  chlorsulpburic  acid,  the  same  products  being  formed  as 
from  dextrose.  If  1  part  of  cotton-wool  be  dissolved  in 
a  mixture  of  24  parts  of  sulphuric  acid  and  6  parts  of 
water,  a  gelatinous  precipitate  of  tunyhid  is  thrown  down  on 
addition  of  more  water.  This  body  forms  the  outer  cover- 
ing of  the  well  known  parchme^U  paper  now  so  largely  used 
in  place  of  auimal  membranes.^  According  to  Gaine,  parchment 
paper  is  best  prepiu'ed  by  dipping  unsized  paper  for  a  few 
seconds  into  a  cold  mixture  of  two  volumes  of  sulphuric  acid 

*  Mulder,  Ann,  Ch^m,  Phann.  xxd.  243  ;  ?oli|::ot,  iK  xxx,  79  ;  Sloin.  ih. 
XXX.  84  ;  Gr(*fiory,  A)jn.  Chem.  Pharm.  \x\.  365  v  n*'rxelius»  PotVh  Ann^  ixix* 
Sftud  238  ;  Ltfort.  HuU.  S*h;.  Chitn.  [2],  \iiL  373;  Dirtiiiyr.  Amcr,  Chetn,  iiu 
302;  TluWinni^  Ct/mp.  I^^tui,  IxxJtiii.  375. 

'  Girftrd.  BuiL  Sor.  Chim.  xxvi,  l&O  ;  xxxiv,  407, 

*  Aim.  Chi'm,  Phumi.  Hii.  135.  *  Bet^liamp»  ib,  c.  S67 

*  Ferwer,  Jahriiib.  1801,  933. 


I 


FTHEREAL  SALTS  OF  CELLULOSE 


577 


and  one  volume  of  water,  and  then  washing  first  with  water, 
then  with  dilutes  ammonia,  and  lastly,  again  wHh  water.*  Parch- 
ment paper  can  also  be  made  by  dipping  paper  into  a 
concentrated  eoiution  of  zinc  chloride.* 

Amyloid,  like  starch,  is  coloured  blue  by  iodine,  but  the 
colour  disappears  soon  by  the  action  of  water.  A  reagent  by 
which  the  cellulose  of  plants  is  coloured  blue  consists  of  a  solu- 
tion of  zinc  chloride,  of  specific  gi'avity  1*8,  to  100  cbc.  of  which 
six  grams  of  potassium  iodide  and  as  much  iodine  as  will  dis- 
solve has  been  added.  Cellulose  is  distinguished  from  starch 
by  its  solubility  in  Schweitzer's  reagent  in  which  starch  does  not 
dissolve.  Silk  also  dissolves  in  the  above-named  reagent  and 
also  in  an  ammoniaral  solution  of  nickel  oxide,  which  does  not 
act  upon  cellulose,  but  this  latter  b<>dy  is  not  attacked  by  dilute 
acids,  which  easily  dissolve  huth  wool  and  silk.  If  a  piece  of 
mixed  goods  is  moistened  with  dilute  hydrochloric  acid  and  then 
allowed  to  dry,  the  woollen  and  silk  fibres  are  not  attacked, 
whereas  the  cotton-thread  is  disintegrated.  Cotton-wool  heated 
with  concentrated  potash  to  1G0°  dissolves,  and  the  solution  on 
acidulatioB  yields  a  precipitate  which  possesses  the  composition 
of  cellulose,  hut  is  readily  soluble  in  alkalies.  Gmcentrated 
caustic-lye  also  acts  in  the  cold  on  cotton-wool,  contracting  and 
thickening  the  fibres.  If  caustic  soda-lye  of  a  strength  not 
less  than  sj)€cific  gravity  1  342  be  used,  a  compound 
C^oHj^Oj^  H-  NaOH,  is  formed,  and  caustic  potash  yields  a 
similar  compound ;  both  these  are  decomposed  by  carbon 
dioxide.* 


Ethereal  Salts  of  Cellulose. 


874  Nilrak's  of  Cdkdose  or  Gmi-Cotton,  Pelouze  was  the  first  to 
observe,  in  1838,  that  when  concentrated  nitric  acid  is  allowed  to 
act  upon  starch -dour,  paper,  linen,  or  cotton*  woo!,  the  cellulose 
is  converted  into  an  explosive  substance  which  he  supposed  tu  be 
identical  with  Braconnot*s  xyloidin,  and  this  view  was  generally 
accepted  until  Schonbein,  in  1846,  announced  his  discovery  of 
an  explosive  cotton  which  could  be  used  instead  of  gunpowder, 
and  which  was  analysed  by  Walter  Crum.^  Schonbein  kept  his 
process  secret,  but  it  was  soon  discovered  by  Bottger  and  Otto, 


*  Jahresh.  1858,  m%. 

*  Gladstone,  C/wswi.  See,  Jtmrn^  t.  17* 


=  THTlor,  Joimi.  Soe,  Art^,  1859,  851. 
*  na.  Mag,  [3],  xxk.  426. 
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and  published  by  the  last-named  chemist^  who  prepared  gun- 
cotton  by  dipping  cotton-wool  into  the  strongest  nitric  acid  and 
washing  the  product  with  wattT.  The  publicatiun  of  the  procsess 
led  many  chemists  and  a  still  larger  number  of  amateurs  to 
experiment  with  this  remarkable  substance,^ 

Matin  fact  arc.  Knop  showed  that  a  mixture  of  sulphuric  and 
nitric  acids  answered  better  than  the  latter  acid  alone,  and  the  new 
explosive  was  manuflietured  on  a  large  scale,  but  the  results  were 
not  satisfact<jry,  inasmuch  as  the  prcxiuct  could  not  be  kept  for 
any  length  of  time,  and  decomposed  sometimes  slowly  and  some- 
times so  rapidly  as  to  give  rise  to  violent  explosions*  Thus,  on 
July  17,  lfS48,  a  frightful  explosion  of  16,000  kilos,  of  gun-cotton 
took  place  at  Bouchet  in  France,  walls  of  one  metre  in  thick- 
ness being  pulverised  and  heavy  objects  projected  to  great 
di*stances,"  whilst  similar  explosions  occurred  at  Faversham  and 
other  places.  The  manufacture  of  gun-cotton  was,  in  consequence, 
ahnost  entirely  abtindoned»  and  few  had  the  temerity  to  believe 
that  it  had  a  future  as  an  explosive.  Of  these  few  one  waa 
the  Austrian  artillery  general,  von  Lenk,  and  another.  Sir 
Frederick  Abel,  chemist  to  the  English  War  Office.  It  is  to 
the  perseverance  and  ability  of  these  two  gentlemen,  who  worked 
independently  of  one  another,  that  we  owe  the  discovery  of  a 
process  by  which  a  perfectly  unalterable  gun-cotton  of  con- 
stant composition  can  be  prepared,  and  a  powerful  explosive  is 
obtained  which  is  far  leas  dangerous  to  handle  than  gunpowder. 

In  the  first  place,  the  cotton- wool  must  be  thoroughly  freed 
from  fatty  or  waxy  matter  by  treatment  with  alkali.  Lenk 
dips  the  loosely-spun  cotton  yarn  into  a  builing  dilute  solution 
of  carbonate  of  potash,  washes  well  with  water,  and  dries.  Then 
he  brings  it  into  300  times  its  weight  of  a  mixture  of  1  port  of 
nitric  acid  of  specific  gravity  1*485  and  3  parts  of  sulphuric 
acid  of  specific  gravity  1-84,  allows  it  to  remain  in  for  a  few 
nu notes,  then  takes  it  out,  presses  it,  and  throws  it  into  another 
similar  mixture  of  acids  where  it  is  allowed  to  remain  for  forty- 
eight  hours.  It  is  then  squeezed  out  and  well  washed  in  running 
water,  dipped  into  a  boihng  sohition  of  carbonate  of  potash,  and 
again  washed  witli  water.*      Further  important  improvementa 

*  For  the  lit«mtiire  of  the  auhject  tee  Schonbein,  '*  On  the  Discovery  of  Gqs- 
eotton,"  FhiL  Mmj.  [3];  xxid.  7  ;  nlmJahruk  \U1  and  1849,  p.  1128  ;  /erum. 
PrakL  Ch^m,  xh  lfl3;  Po^^.  Ann.  IxJt.  820* 

*  Compter  Emd.  xxviii.  846. 

»  **  Report  on  the  Applicalion  of  Gun-cotton  to  Warlike  Vnrpoae&f**  Brit.  Ait§oc. 
Exports,  1S03,  p.  1  ',  aud  on  p.   8,  "Syateni  of  MjLutifj&ciiire  of  Gun-oottoo  13 
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in  the  manufacture  of  gim-cotton  were  made  by  Abel  His 
process  consists  in  bringiug  the  purified,  we]I-dried»  uiispun 
cottoU'Wooi  iuto  a  mixture  of  10  parts  of  a  m^bcture  of  1 
part  of  nitric  acid  of  specific  gravity  1  *5  aud  3  parts  sulphuric 
acid  of  specific  gravity  1*85,  and  leaving  it  twenty-four  hours 
in  contact  with  the  acid*  After  washings  the  wool  is  placed  in 
a  washing  engine,  such  as  is  used  in  paper  manufacture,  and 
the  pulped  aud  washed  mass  pressed  into  cylinders.^ 

875  Froperties,  The  formula  fur  gun-cotton  thus  prepared 
is  Ci^j4(^'Ojj)gOjQ,  or  a  hexnitrate  of  cellulose.  This  was 
first  ascertained  by  Walter  Ciiim.^  The  gun-cotton  prepared 
from  i*uw  cotton  is  sc-arcely  to  be  distinguished  from  this 
latter  substance  in  appearance,  though  it  has  rather  a 
rougher  tuiicli ;  it  becomes  jiowerfully  electric  on  rubbing, 
crackling  and  phosphorescing,  and  emitting  sparks  in  the  dark. 
It  does  not  yield  the  reaction  for  amyloid  with  iodine,  and  is 
insoluble  in  Schweitzer's  reagent.  On  ignition  it  bums  very 
rapidly,  and,  unlike  powder,  leaves  no  residue*  Abels  gim- 
cottou  may  be  burnt  on  the  hand  without  scorching  the  skin, 
aud  when  placed  on  some  guniM>wder  it  may  be  fired  without 
igniting  the  powder,  Lenk's  cotton  does  not  bum  so  quietly, 
aud  when  pressed  or  tightly  spun  it  bums  more  slowly,  Abel's 
compressed  gun-cotton  burns  quietly  on  ignition  with  a  large 
flame.  It  remains  unaltered  in  contact  with  water,  and  as  it  is 
not  explosive  when  wet,  it  can  be  preserved  or  worked  in  this 
state  without  danger.  A  gun-cotton  cartridge,  well  moistened 
throughout  its  mass,  may  have  a  hole  bored  through  it  with  a 
red-hot  iron  with  as  little  danger  as  a  piece  of  wood.  To  prove 
the  hamdess  nature  of  wet  gun-cotton  the  War  Department  made 
the  following  experiment :  Two  massive  erections  of  stone  were 
built,  and  in  each  of  these  was  placed  a  ton  of  the  moist  com« 
pressed  gtm-cotton  on  iron  plates ;  the  buildings  were  filled 
with  combustible  niaterials,  wliicli  were  then  fired.  After 
lapse  of  a  couple  of  hours  the  fire  had  burnt  out,  the  two  iron 
plates  were  found  to  be  bent  by  the  heat,  but  no  explosion 
whatever  occurred,  for  the  gun-cotton,  having  been  gradually 
dried,  burnt  quietly. 


carried  on  in  the  Imperial  Attstmn  EatablbbTiient/'  by  F.  A,  Abel,  BrU.  Assoc. 

'  Chem,  jV(?f\*,  xxiv.  241  ;  »p«  also  Ak*!,  Chem.  Knrs,  ix,  254,  268,  284  ;  &nd 
Abfsl.  "  Coiuributkins  to  tb^  lliatcrv  of  Ex|)lo>sive  xl^nts/'  Phil.  Trans,  136ft, 
269  ;  1S67,  181  ;  1S60,  489  ;  1874,  337.  »  Fhil,  Mag.  [3],  xxx,  420. 
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Gun-cotton  explodes  on  percussion,  and  the  more  reiulily  the 
more  it  Las  been  previously  compressed,  but  the  explosion  is 
much  more  violent  when  it  is  induced  by  a  detonation  of  ful- 
minating mercury.  To  give  an  idea  of  the  force  of  such  an 
explosion  it  may  be  sufficient  to  st^te  that  120  grams  (4  ounces) 
of  compressed  gun-cotton  fired  with  a  detonating  fuse  (Abels) 
against  an  ordinary  steel  railway  rail  breaks  it  to  pieces.  Certain 
of  the  old  martello  towers  built  on  the  south  coast  near  Rye,  with 
walls  2  to  3*7  metres  thick,  were  utterly  destroyed  by  exploding 
200  pounds  of  gun-cotton  as  described,  Abel  has  proved,  by  means 
of  a  chro  no  scope,  that  the  rate  of  propagation  of  the  detonation 
in  the  iuierior  of  a  mass  of  compressed  gun-cotton  takes  place 
at  the  rate  of  5,200  to  5,900  metres  per  second.  Moist  gun- 
cotton  may  he  made  to  explode  even  more  violently  than  the 
dry  material.  For  this  purpose  a  hole  is  bored  in  the  centre  of 
the  moist  cartridge,  and  this  filled  T\ith  dry  gun-cotton,  and  in 
the  centre  of  this  is  placed  a  fulminating  fuse.  Gun-cotton  is 
largely  used  fur  filling  torpedoes,  but  it  is  not  so  much  employed 
for  sheUs,  as,  owing  to  the  fact  that  it  bums  without  smoke,  the 
spot  at  which  the  shell  bursts  cannot  be  seen  at  a  distance  ;  nor 
has  it  been  largely  applied  for  gimnery  purposes  in  place  of 
gunpowder.  It  is,  how^ever,  to  use  the  expression  of  the  Royal 
Commission  which  was  appointed  to  investigate  the  subject, 
a  powerful,  reliable,  safe,  portable,  and  convenient  explosive, 
especially  valuable  for  submarine  operations. 

Gun-cotton  is  also  useful  in  the  laboratory  for  filtering  solu- 
tions of  fiotassium  j>ermanganate  or  other  strongly  oxidizing 
liquids. 

The  products  of  com  bust  ion  of  gun-cotton,  as  is  the  case 
with  those  of  gunpowder,  differ  both  in  quality  and  quantity 
according  to  the  conditions  under  which  it  is  fired.  They  con- 
sist of  nitrogen,  nitric  oxide,  carbon  monoxide,  carbon  dioxide, 
marsh  gas  and  other  hydrocarbons,  and  aqueous  vapour,  but 
when  ignited  under  pressure  they  contain  no  nitric  oxide,  but 
free  hydrogen  is  present.^  Cyanogen  and  hydrocyanic  acid  have 
also  been  detected.*  This  last  product  occurs  together  with 
nitrogen  trmxide  only  when  the  gun-cotton  is  burnt  slowly  under 
diminislied  pressure  (Abel), 

Although  properly  prepared  gun-cotton  may  be  preserved  for 

^  V.  Kdrolyi,  Pogg.  Ann,  civiu.  544  ;  Abel,  Prox!,  Hoy,  Soe.  xiiL  204. 
"  Porr»*tt  ttTid  Teacheroacber,  Mfm,  Ch^vu  Soc,  iii.  258  ,•  Fordos  md  G^lii,  Onns. 
Send.  xiii.  D82. 


years  both  m  the  dry  and  ia  the  moist  state  vithout  iinder- 
going  deterioration,  tlie  material,  if  containiiig  even  a  trace  of 
free  acid,  decomposes  on  standing  with  a  greater  or  less  degree 
of  rapidity^  red  nitrous  fumes  and  carbon  dioxide  being  given 
off,  and  formic  and  oxalic  acids,  together  with  other  products, 
being  produced.^  Large  masses  of  insufficiently  washed  gun- 
cotton  when  stored  may  evolve  heat  enough  on  decomposition 
to  bring  about  an  explosion.  Such  an  explosion  occurred  at 
Stowmarket  in  1871.  and  on  investigation  it  was  ascertained 
that  some  of  the  stock  of  gun-cotton  contained  acid,  owing  either 
to  insufficient  washing  or  to  the  felonious  addition  of  acid  to 
the  iiroperly  washed  gun-cotton, 

876  Cdlvdum.  Soon  after  the  discovery  of  gun-cotton,  Messrs 
Maynard  autl  Begelow,  as  well  as  MM.  Menard  and  Domonte,* 
observed  that  this  body,  prepared  by  a  certain  process,  dissolves 
in  a  mixture  of  alcohol  and  ether,  and  it  was  not  long  before 
this  solution  was  employed  in  America  for  a  variety  of  purposes. 
It  was  then  proved  that  the  hexnitrate  is  insoluble  in  the  above 
reagents,  whilst  the  lower  nitrates  dissolve.  These  latter  are 
obtained  by  allowing  the  acid  to  act  on  the  cotton  fibre  for  a 
shorter  time,  and  by  the  above-mentioned  reaction  may  be 
separated  from  the  hexnitrate,  which  is  insoluble  in  a  mixture 
of  ether  and  alcohol,  methyl  alcohol,  glacial  acetic  aciJ,  and  ethyl 
acetate,  but  forms  a  jelly  with  acetone,  and  dissolves  in  a  large 
volume  of  this  liquid.' 

When  cotton-wool  is  treated  with  mixed  acids  only  for  a  few 
minutes,  the  tctranitrate,  C^^^^QiO^fi^Q,  and  the  trinitrate^ 
^12^17(^05)3^10*  *^^  formed,  the  action  of  somew^hat  less  con- 
centrated acids  for  a  longer  period  producing  the  same  result. 
These  compounds  dissolve  in  a  mixture  of  alcohol  and  ether,  in 
methyl  alcohol,  and  in  acetic  ether.  The  trinitrate  also  dissolves 
slowly  in  absolute  alcohol,  whilst  the  tetranitrate  does  not ;  it  is, 
however,  not  possible  in  this  way  to  effect  a  complete  separation 
of  the  two  compounds  (Eder), 

Ctihdose  BinUraic^  ^i^m(^^^ifiiot  '^  formed  as  tlie  first 
product  of  the  action  of  the  hot  dilute  mixture  of  acids  upon 
cotton-woo!,  or  as  the  last  product  of  the  action  of  caustic  potash 
or  ammonia  on  the  alcoholic  and  ethereal  solution  of  the  higher 

*  Hoftuftiin,  Jifur.  Chem,  Soc,  xiii.  76,  2S2;  Bonet«  Cotnp.  Rend,  liiL  105; 
LuciL,  ih,  iiii.  298.  ^  Compt,  Remi,  xxiv,  890. 

■  Kd«r»  L\'r.  Detdseh.  Chetn.  Gf^.  xiii.  169,  where  «n  accoimt  of  the  literatare 
of  tlie  subject  from  1862  is  to  he  foumt. 
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nitrates.  It  is  a  flocculent  powder  or  a  transparent  gum^ike 
mass,  easily  soluble  in  the  above-named  s^olvents  with  the  ex- 
ception of  pure  ether.  It  also  dissolves  ia  caustic  potash-lye, 
but  this  solution  readily  undergoes  decomposition  with  produc- 
tion of  a  brown,  gummy  mass,  the  mononitrate  not  being  formed. 
According  to  Girard,  hydroceUuluse  yields  a  very  explosive 
hex  nitrate,  soluble  in  etber-alcohoL 

The  applicatiou  of  the  sensitised  collodion  film  to  photographic 
purposes  was  made  by  Scott  Archer,  with  whom  Dr,  Hugh 
Diamond  was  associated  in  I8S1. 

The  following  is  the  method  of  making  pyroxyline  prescribed 
by  HardwicL,  who  was  the  first  to  thoroughly  investigate  the 
manufacture  of  pyroxyUne  fit  for  the  mauutacture  of  collodion ; 

A  mixture  of 

500  cbc.  of  sulphuric  acid,  sp.  gr.  1'842 
16G'6  cbc.  of  nitric  acid,  sp  gr.  TiSG 
14a' 7  cbc,  of  water 

is  made  by  mixing  the  nitric  acid  and  water,  and  afterwards 
adding  tlie  sulphuric  acid*  The  temperature  is  then  allowed  to 
cool  to  65*.  and  a  dozen  balls  of  cleaned  and  dried  cotton-wool, 
each  weigliing  about  1'5  gram,  separately  immersed  in  the 
liquid,  and,  after  thoroughly  soaking,  allowed  to  remain  at  the 
bottom  of  tlie  vessel.  This  immersion  should  be  rapidly  carried 
out,  otherwise  decomposition  may  take  place,  and  the  whole  of 
the  cotton  may  dissolve  with  the  evolution  of  nitrous  fumes. 
The  balls  must  be  left  in  the  acid  from  ten  minutes  to  a  quarter 
of  an  hour,  and  they  are  then  ready  for  washing,  which  must  be 
completely  done,  best  in  nmning  water.  Several  other  formulae 
have  been  given  for  the  preparation  of  pyroxyline,  and  many 
recipes  for  making  collodion,  differing  in  the  relative  quantity 
of  alcohol  and  ether  used  as  a  solvent.  Hardwieli  uses  12 
to  14  grama  of  pyroxyline,  and  450  cbc.  of  alcohol,  specific 
gravity  0'82,  and  550  cbc.  of  ether,  specific  gravity  0  7-5.^ 

The  chief  use  of  collodion  ia  for  preparing  sensitive  photo- 
graphic films,  but  it  ia  also  used  in  surgery,  for  making  small 
balloons,  etc. 

All  the  nitrates  of  cellulose  give  up  nitric  acid  when  treated 

with  alkalis,  and  concentrated  sulphuric  acid  displaces  the  nitric 

acid  almost  completely  eveo  in  the  coki     The  nitrates  are  also 

converted  into  cellulose  by  the  action  of  reducing  agents  such  as 

1  For  further  informatioji  confiolt  Abney't  Treatise  on  Photography,  Longmima. 
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ferroua  acetate,  potassium  bydrasulpbide,  or  a  solution  of 
staonous  oxiile  iu  caustic  soda.  The  same  change  occurs  when 
the  nitrate  is  boiled  with  ferrous  sulphate  and  hydrochloric  acid, 
the  whole  of  the  nitrogen  escaping  as  nitric  oxide,  air  being 
excluded,  atid  this  reaction  can  be  used  as  a  ready  means  of 
determiniyg  the  amount  of  nitration  of  a  pyroxylin  (Eder). 

C,MJ^O^\0,^  +  30HC1  -f  30FeSO,  - 

Acetates  of  Cellulose,  When  filter-paper  or  cotton-wool  is 
heated  to  180**  with  six  to  eight  times  its  weight  of  acetic 
anhydride,  cellulose  bexacetate,  C,^li iJC 2^ fi 2)^^10'  ^^  formed  ; 
this  compound  separating  out  as  a  w^bite,  Hocculent  mass  on 
addition  of  water.  It  is  soluble  in  glacial  acetic  acid,  being 
precipitiited  by  alkalis  as  structureless  cellulose.  If  a  smaller 
amount  of  acetic  anhydride  is  employed,  lower  acetates  are 
formed. 

Woody  Fibre  or  Lignin. 

877  During  the  processes  of  plant-growth  certain  of  the  cell 
membranes  retjiin  their  primitive  composition,  whilst  otbera 
undergo  a  change  known  as  lignification.  The  tissue  thus 
becomes  hard,  woody,  and  less  tough,  but  does  not  lose  its 
power  of  permeability  to  liquids.  The  substance  thus  formed, 
termed  lignin,  has  not  yet  been  obtained  in  the  pure  state. ^ 
It  forms  about  half  the  weight  of  ordinary  wood,  and  as  we 
know  the  composition  of  wood,  and  can  ascertain  the  relative 
amounts  of  cellulose  and  ligniu  which  wood  contains,  it  is 
possible  to  arrive  at  the  composition  of  hguin.  Schuize  has 
proposed  the  formula  C^jH^^O^^j^^  but  Sachsse  gives  the  formula 
CigHj^OiQ.'*  As  wood  dues  not  give,  like  ccHulose,  the  amyloid 
reaction,  and  does  not  dissolve  in  Schweitzer's  solution,  it  has 
been  assuuied  tliat  the  cellulose  and  lignin  are  combined 
together  iu  the  woody  fibre,  and  for  this  supposed  compound  the 
name  of  lignose  has  been  proposed. 

According  to  Erdmann,  pine-wood  (Finns  ahus)  consists  of 
^/wca/iyntvirjC^^pH^jjOgi,  which  can  be  obtained  pure  by  extracting 
the  finely  rasped  wood  with  very  dilute  acetic  acid,  hot  water, 

^  PavPTi,  Compf.  Mend,  viii,  51 ;  xlvili.  210. 
^  Vhem.  CciitralhL  1867,  y*Jl. 
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alcohol,  and  etlier.    The  yellowish-white  residue  yields  trac^  * 
of  cellulose  when  treated  with  cupric-oxide-amraonia.     Whea 
hoiled  with  dilute  hydrochloric  acid,  gtape  sugar  is  formed  and  ] 
glucoli^ose  remains. 

Glucolignose  does  not  dissolve  in  Schweitzers  reagent,  hat, 
when  boiled  with  very  dilute  nitric  acid,  cellulose  is  formed, . 
together  with    other  bodies   not  yet   investigated,   but  which 
probably  belong  to  the  aromatic  series.*     Hence  Erdmanu  con- 
siders glucolignose  to  be  an  ether  of  lignose  containing  together 
with  the  cellulose  group  a  sugar-forming  and  an  aromatic  group. 
Bente  has  c<)nfirmed  the  above  composition  for  pine*wood,  and  | 
shown  that  the  same  substance  exists  in  the  wood  of  the  poplar, 
but  differs  from  Erdmann  as  to  the  proportioo  of  grape-sugar 
formed*^     Singer,  who  has  also  investigated   this  subject,  has 
arriveil   at  the  conclusion  that  lignin  is  a  mixture  of  various 
compounds.®     Jute  fibre  has  been  subjected  to  careful  examina- 
tion by  Bevan  and  Cross,*  who  have  shown  that,  together  with 
about  70  to  72  per  cent,  of  cellulose,  it  contains  a  considerable 
quantity  of  an  incrusting  substance  belonging  to  the  aromatic] 
series  of  compounds.  Runge  observed  many  years  ago  that  pine-^ 
wood  was  stained  yellow  by  aniline  in  presence  of  an  acid,  and 
Hofmann  found  that  salts  of  other  amido-bases  act  in  a  similar 
way.     Wiesner  next  pointed  out  that  the  process  of  lignification 
can  be  detected  by  this  reaction,  and  that  aniline  sulphate,  now  J 
generally   used   in   micro-chemical  work,  serves  best    for   thisi 
purpose.     A  more  delicate  reagent  for  lignified  tissue,  accord- 
ingly to  Wiesner,  is  phloro-gluein,  C^HgOg,  a  compound  which j 
frequently  occurs  in  the  vegetable  kingdom,  and  which  gives  i 
to  an  intense  red  colour  when  the  tissue  is  moistened  with  a 
5  per  cent,  solution  and  afterw^ards  with  hydrochloric  acid.^     If 
phenol,   C^HgO,  be   employed    instead   of   phloro-glucin,    the 
lignified  tissue  becomes  bluish-green  or  bright  blue  ou  exposure 
to  sunlight,  and  especially  when  dried.^     According  to  Singer, 
all    these    colorations    are    produced   by  aromatic  substances 
contained  in  the  wood. 


'  Julius  Eatlmann,  Ann.  Ch^m,  Phamu  Suppl.  t.  228, 

*  Ber^  VeiUsc/i,  Ckcm,  (?«.  viii,  47^, 
3  Monai^ch,  d.  Chem.  in,  395, 

*  Ohmnical  Ntwn,  xlii.  77,  91  ;  xliv,  64 ;  J<mm,  Chim^  A»c  188S,  L  18. 
■  Diiiffler^  Polift,  Joum.  ccxxm  897. 

<  V,  Ilyhiiel,  JSiUumj^ib.   JVkn,  Akad.  1877,  89, 
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878  Cork  or  Cuiiailar  Suhstances.  The  process  of  cuticulariza- 
tion  takes  place  on  the  outer  cells  or  those  lying  near  the 
surface,  which  thus  become  mora  elastic  and  more  difficultly 
penetrated  by  gases,  as  well  as  water  and  other  liquids.  Cork  is 
formed  by  the  continued  formation  of  such  cells,  and  is  found 
in  largest  quantities  in  tlie  outer  bark  of  the  Quercus  stiber,  the 
cork  tree  growing  to  the  height  of  thirty  or  forty  feet  in  the 
south  of  Europe,  Africa,  and  the  East.  In  addition  to  this 
modified  form  of  cellulose  which  constitutes  the  greatest 
part  of  the  cork,  a  waxy  and  resinous  mass  termed  suberine 
is  present  which  can  be  dissolved  out  by  alcohol  and  ether,  and 
which  €nn  be  obtained  in  the  crystalline  form,^  Analysis  shows 
that  this  substance  belongs  to  the  aromatic  series,  but  it  has 
not  been  more  closely  examined.  Cork  contains  more  carbon 
and  more  hydrogen  than  lignin,  and  in  addition  some  nitrogen. 
On  oxidation  with  nitric  acid,  cork  fields  oxalic,  suberic,  and 
azelaic  acids.  In  order  to  make  corks  air-tiglit,  it  is  usual  to 
plunge  them,  after  drying,  into  melt^^d  paraffin,  and  thus  treated 
they  resist  the  action  of  chlorine  and  acids  more  perfectly. 

The  following  words  of  Liebig  point  out  the  value  of  cork 
to  the  chemist :  *  **  What  precious  properties  are  conbined  in 
cork  !  How  little  can  any  but  chemists  appreciate  its  value 
and  recognize  its  good  qualities.  We  might  rack  our  brains 
in  vain  in  the  hope  of  replacing  cork,  as  the  ordinary  means 
of  closing  bottles,  by  any  other  substance  whatever.  L*?t  us 
imagine  a  soft,  highly  elastic  mass  which  Nature  herself  has 
inpregnaied  with  a  matter  having  properties  resembling  wax, 
tallow,  resin,  yet  dissimilar  to  all  these  and  termed  suberine. 
This  renders  it  perfectly  impermeable  to  fluids  and  even 
to  gases/* 


The  Technical  Uses  of  Cellulose. 

87g  The  most  important  uses  of  cellulose  in  the  arts  and 
manufactures  are  for  spinning  and  weaving  and  for  paper 
making.  Cotton-wool  has  been  employed  from  the  eajliest 
times  for  the  manufacture  of  textile  fabrics  in  all  those  countries 
in  both  hemispheres  where  the  cotton  plant  is  indigenous,  and 
at  the  present  time  the  cotton  plant  is  largely  grown  through- 
out   the  world   in    a   zone   limited   to    thirty-six    degrees   uf 

^  Chirteuh  Ann,  Chan,  xcvi  170  ;  Dopping,  Ann,  Chem,  Pharm.  xlv.  290; 
Siebert,  Jmtm.  Prack,  Chfun,  civ.  1181. 
*  Familiar  LdUrt  qf  Chcmislrt/,  p.  124. 
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north  and  of  south  latitude*    The  cotton  plant  of  commercial 
importance  is   of  two   typical   kinds,  the    Indian  or   Oriental 
(Gosst/piiim    herhftceum),    and    the     American    or     OccidentjJ 
(G.  barhadmce  and  G.   hirmtum)*     The  cultivated    cotton  is 
naturally  perennial,  or  has  become  so*     The  cotton  is  contain^l 
in   the   pod  or  boll,  which  is  filled  with  a  mass  of  fine  iahre 
surrounding  the  seeds.    The  value  of  the  cotton  depends  on  the 
length  of  its  staple,  as  well  as  on  its  silky  nature.     The  Set 
Island  cotton  has  a  staple  which  is  40*5  mras.  in  length,  and] 
•025  mm.  in  width,  wliile  the  Bengal  or  Surat  cotton  is  anl/l 
18  mms,  in  length,  and  '010  mm,  in  width*   Cotton  fibre  consisUl 
of  a  long,  hollow,  cylindrical,  perfectly-closed  cell,  thickest  alj 
the  root  end,  where  attaclied  to  the  seed,  and  tapering  off  at! 
the  other  end.     This  regular  form  is  but  seldom  seen  under  the! 
microscope,   the    cells  usually  presenting    the    appearance   oti 
irreguJarly  t^visted  ribbon  with  tliick  rounded  edges,  as  shown  inl 
Fig.  148,      This  form  is  retained  in  the  manufactured   thread, 
and  hence  cotton  cloth  is  distinguished  from  that  made  from 
other   fibres   by  it^   loose  w^oolly  structure,  this  imparting  toJ 
it  the  property  of  being  a  bad  conductor  of  heat,  as  well  as ' 
giving   it   an   opaque   character.      Figs.  150  and  151   show  a 
cross  section  of   the  fibre  after  drying.      Cotton  can  be  more  i 
readily  dyed  than  most  vegetable  fibre,  and  hence  its  use  as 
a  basis  of  printed  goods.     This  property,  according  to  Walter 
Cnim,  depends  upon  its  peculiar  structure.    In  order  that  cotton 
shall  take  up   colour,  the  latter  must  be  soluble,  and  pass  by 
diffusion  into   the  interior   of   the   cell,  where  it  is  rendered 
insoluble  by  chemical  means,     Unripe  cotton  fibre  frequently 
contained  in  the  wool  cannot  be  dye<l,  and  is  therefore  termed 
"dead  cotton."     These  defective  fibres  are  very  thin  and  trans- 
parent,   and   solid    throughout   the  mass,  Figs,   140  and  152,^ 
The  dyeing  power  of  the  cotton  fibre  is  increased  after  treatment 
wth  concentrated  caustic  soda,  the  alkali  combining  with  the 
cellulose,  the  effect  being  to  shrink  the  fibre,  as  shown  in  Fig. 
153.     This  process,  termed  from  its  inventor  mercerizing,  has 
not  been  much  employed  owing  to  its  cost,* 

Riiw  cotton,  even  when  quite  white,  contains  a  small  quantity 
of  other  materials  than  ceyuloae.  These,  according  to  Schunck, 
are  characteristic  of  the  plant,  and  among  them  are  found  a  wax, 
solid  fatty  acids,  pectic  acid,  albuminoid  substances  and  colouring 


'  Phil  Mng.  ZxA  %^jie%  vol.  XXXV.  884. 
'  ilercer,  Bnthh  Anfoc^  Jkp,  1851,  157* 
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matters,  one  of  which  is  easily  soliihle,  and  the  other  odIj 
slightly  soluble  in  alcohol.  Coloured  cotton,  as  that  of  Nankin, 
contains  the  same  constituents  in  larger  quantity** 


Flo,  148. 


Fia,  li9. 


Flax  arid  Rcwp. — After  cotton  the  most  important  fibres  are 
flax  and  hemp.   Flax  fibre  {Linum  tiaiiaiissimum)  was  used  as  a 

Fio,  160. 

material  for  textiles  in  the  earliest  times,  as  may  be  seen  from 
the   Egyptian  mummy  cloths,  which  do  not  contain  a  single 


^00'&i^(^ 


Fio.  151. 


fibre  of  cotton.     Some  of  these  being  so  fine  that  twenty  metres 
1  MamtiTM  Manehai,  PhiL  Lit.  Soc  1868, 
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f>f  thread  ^eigh  only  one  gramme.^  and  a  hundred  banks  go  to  the 
pound,  the  cloth  Laving  140  threads  io  the  inch  in  the  war|\ 
and  about  64  in  the  woof  Both  flax  and  hemp  plants  {Cannahig 
saliva)  must  be  subjected  to  a  process  of  '*  retting/*  or  modified 
fermentation  or  rotting,  and  this  is  accomplished  by  "  water 
retting/'  or  "  dew  retting  *'  or  '*  snow  retting/'  In  all  cases  the 
fermentation  takes  place,  this  Laving  for  its  purpose  the 
decomposition  of  the  intercellular  mass,  so  as  to  enable  the  fibre 
to  be  separated  by  mechanical  means.  Many  plans  have  been 
proposed  to  avoid  this  tedious  rotting  process,  but  none  as  yet 
have  been  successful,  though  a  maceration  in  warm  water  haa  j 
been  adopted  in  some  works,  as  reducing  the  time  of  fermenta- 
tion. So  long  ago  as  the  year  1678  LeuwenhoBk  showed  that 
cotton  fibre  could  be  easily  distinguished  from  that  of  flax 
(Fig.  154)  under  the  microscope,  as  the  latter  consists  of  cylindri- 
cal fibres  open  at  each  end,  containing  knots.  Hemp  (Fig*  155) 
has  a  similar  structure,  the  fibre,  however,  being  thicker. 


Fm.  152, 


Fio.  153. 


Jute.  Jute  is  the  fibre  of  two  species  of  Ccrchorus,  viz. 
capmlaris  and  olitorim,  growing  in  India,  and  especially  in 
Bengal,  and  only  recently  imported  into  European  markets, 
though  it  appears  to  have  been  used  from  early  times  in  India 
as  weE  as  in  Eg}^>t  and  SjTia.  The  jute  fibre  possesses  a  silky 
lustre,  can  be  eaaily  dyed,  but  is  not  so  strong  aa  flax.  Con* 
siderable  advances  have  lately  been  made  both  in  its  manufacture 
and  its  dyeing,  and  finishing  the  jute  cloth.  The  fibres  can  now 
be  dimied  so  finely  that  it  is  capable  of  being  mixed  with  silk, 
though  the  main  use  of  jute  is  in  making  bags,  sacks,  and  other 
rougher  articles.  Jute  fibre  is  coloured  a  deeper  yellow  by 
aniline  sulphate  tlxan  any  other  fibre. 

Manilla  Mcmp,  This  is  the  fibre  of  the  Mitsa  fextilis,  or  the 
wild  plantain  growing  io  the  Philippine  Islands,  Borneo,  Java, 
and  other  tropical  countries.  This  plant,  which  is  the  non-edible 
banana,  does  not  flourish  in  all  hot  countries,  though  the  edible 
banana  grows  luxuriously  throughout  the  tropics.      The  leaf- 

^  Jjimofl  Thompson,  "  On  the  Mommy  Cloth  of  Egypt,  with  8©fn«  Obaermtiona 
nf  the  Manufa.'tures  of  the  AnchnU,**  *Phil.  Mag,  1834,  855  ;  also  Ann.  CAew,  ' 
I'hann,  kix,  128. 
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stalks  of  the  plant  are  used  for  the  preparation  of  the  fibre, 
3,200  trees  producing  about  one  ton.  Manilla  hernp  is  almost 
exclusively  used  for  rope  making,  as  the  fibre  is  much  stronger 
and  lighter  than  ordinary  hemp. 

Blmchmg,  Yarn  as  well  as  woven  cloth  has  always  a  greyish 
colour,  and  is  obliged  to  be  bleached  before  it  can  be  used  for 
many  purposes.  This  process  was  formerly  carried  on  in  bleach 
greens,  the  ozonized  atmospheric  oxygen  produced  by  the  action 
of  the  suoUgl  it  being  the  active  agent.  Bleaching  powder  is  now 
usually  employed  for  this  purpose  on  the  large  sade  *  fur  cotton 


Fig,  154, 


Fic.  155. 


goods,  though  linen  is  still  chiefly  bleached  on  the  green,  (For 
a  description  of  the  theory  of  bleaching  and  of  the  manufacture 
of  bleaching  powder,  see  Vol  I.  p.  266,  YuL  II.  Part  I,  p.  200,) 


Paper  Making. 

88o  With  the  fall  of  the  Roman  Empire  and  the  consequent 
decline  of  European  civilization,  the  use  of  Egyptian  papyrus, 

*  Ree  art,  "  Ijlcarhing/*  Spoil *s  Ej^etfflop.  of  IvduMHal  ArL%  lij'  Ilninniel  ;  so© 
likewise  art  articlt;  on  the  niiitt-rialit  iise<l  in  textile  iudtuitriea,  by  Hugo  5iuUer, 
-fler,  EiUwicklung,  Clum.  Indiuft.  vol.  ii.  32. 
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which  was  employed  as  a  writing  material,  diminished,  and  the 
maniifactiire,  which  had  been  chiefly  carried  on  at  Alexandria, 
soon  ceased. 

For  preparing  the  materia!,  the  pith  of  the  Papynis  afUi- 
quorum,  a  bulnisli  growing  on  the  Nile,  waa  cut  into  thin 
plates,  laid  lengthways  alongside  oue  another,  with  their  edges 
touching,  while  another  layer  was  laid  across  at  right  angles* 
On  moist eniijg  with  warm  water  and  pressing,  tlie  films  were 
made  to  adhere,  and  the  layers  became  a  compact  sheet.  At 
the  present  day  pap^r  from  papyrus  is  made  as  a  curiosity  in 
Syracuse,  where  the  manufacture  was  originally  introduced  by 
the  Saracens, 

Piiper-making  of  a  more  perfect  kind  was,  however,  carried 
on  by  the  Chinese  some  centuries  before  our  era,  the  bark  of  a 
mulberry- tree  {Brouswnetiii  2Hi2)i/rifera)  being  employed  for  this 
purpose.  Other  barks,  cotton  fibres,  and  various  kinds  of 
straw  were  also  used,  and  after  about  a  century,  old  linen  and 
cotton  rags  were  employed  as  paper-making  materials.  The 
knowledge  of  the  art  of  paper-making  spread  from  China  west- 
ward to  the  then  flourishing  towns  of  Samarcand  and  Bokhara, 
and  after  the  Mohammedan  conquests  of  Central  Asia,  paper 
was  known  in  all  the  countries  which  they  overran,  and  also  in 
the  Byzantine  Empire  and  Southern  Spain,  whilst  the  Crusaders 
introduced  it  into  the  rest  of  Europe.  The  Arabians  manufac- 
tured paper  entirely  from  raw  cotton,  but  this  appears  to  have 
been  of  such  bad  quality  that  in  1221  the  Emperor  Fre- 
derirk  II.  onlered  all  deeds  to  be  written  on  parchment,  and 
those  which  had  been  written  on  paper  to  be  copied  on  parch- 
ment within  two  years.  In  process  of  time  the  discovery  was 
made  that  linen  rags  yield  a  much  stronger  and  more  perma- 
nent paper,  so  that  this  material  has  since  this  time  b^en  chiefly 
use<i  for  paper-making.  But  in  the  eighteenth  century  this 
materia!  could  not  be  obtained  in  sufficient  quantity  to  keep 
pace  with  the  demand  for  paper,  and  hence  attempts  were  made 
to  obtain  a  convenient  substitute.  It  appears  to  have  been 
forgotten  that  in  China  a  number  of  vegetable  fibres  had  long 
ago  been  used  for  paper-making,  and  it  was  not  until  the 
beginning  of  the  present  century  that  Matthias  Koops^  suc- 
ceeded in  manufacturing  a  paper  from  straw  and  wood,  which, 
though  it  possessed  a  yellow  colour,  was  strong  and  of  a  very 

'  Fntfniion  qf  PapfT :  an   HutoHml  Jeemini  of  Substances  which  ha/Vi 
Uaed  to  Dencribe  Events  and  Convey  Mus,  London,  1800. 
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permanent  character.*  The  preliminary  treatment  which  straw 
fibre  has  to  undergo  before  it  can  be  made  into  white  paper,  is, 
however^  of  an  expensive  character,  and  the  demand  for  paper 
increasing  enormously,  the  manufacturers  st:>ught  for  a  material 
w*hich  cnuld  be  more  easily  worked  up  than  straw.  This  was 
found  in  the  esparto-grass  (Macrochloa  tcTurcissima),  which 
grows  wild  over  large  tracts  on  the  coast  of  Spain,  and  on  the* 
north  coast  of  Africa  from  Mogador  to  Egypt.  Though  this 
material  was  used  from  the  earliest  times  by  the  natives 
for  the  manufacture  of  ropes,  mats,  i&c,  and  is  even  mentioned 
by  the  Roman  writers  under  the  name  of  spartiurn,  it  has 
only  been  introduced  within  recent  years  into  England,  where 
it  is  now  very  largely  used  for  paper  making.  The  long  thin 
leaves  of  this  plant  yield  from  forty-seven  to  fifty  per  cent* 
of  their  weight  in  paper,  and  in  order  to  purify  tho  fibre, 
these  are  boiled,  generally  under  pressure,  with  a  two  per 
cent,  soda  lye,  and.  after  washing,  manufactLired  according 
to  the  ordinary  methods.  The  fibre  of  esparto-grass  is  very 
opaque,  standing  in  this  respect  next  to  the  cotton  fibre,  and  it 
yields  a  paper  specially  well  suited  for  printing  fine  woodcuts. 
It  is,  however,  usual  to  mix  the  esparto-pulp  with  a  certain 
quantity  of  pulp  from  cotton  or  linen  rags,  or  straw. 

Wood  pidp  is  largely  employed  in  paper-making.  For  this 
purpose  a  certain  length  of  fibre  must  be  preserved,  and  hence 
the  wood  is  rubbed  up  into  a  fine  pulp.  Wood  paper  is  some- 
what brittle,  and  never  perfectly  white.  The  presence  of 
lignified  tissue  can  readily  be  detected  by  the  sulphate  of 
aniline  test  (see  p.  584).  Instead  of  disintegrating  the  wood 
by  mechanical  means,  chemical  agents  are  frequently  employed 
fur  obtaining  the  cellulose,  sawdust  or  shavings  being  heated 
under  considerable  pressure  with  caustic  soda.  In  this  way 
a  soft  mass  of  cellulose  is  obtained,  which,  when  further 
disintegrated,  yields  a  valuable  pulp.  Several  other  metboda 
have  been  proposed  for  converting  wood  or  straw  into  paper 
pulp.  One  of  these  consists  in  macerating  the  disintegrated 
material  for  twelve  hours  with  dilute  milk  of  lime,  and  then 
saturating  the  mixture  with  sulphur  dioxide  gas,  under  a  pres- 
sure of  from  four  to  ^\q  atmospheres ;  after  next  washing  the 
pulp  for  two  hours  with  water,  it  is  treated  under  pressure  with 

*  Acctim's  Sysifm  rf  'nt4iortti&il  and  Pradieal  Chemistry,  publisheti  by  the 
Author  iQ  180.1,  was  printed  on  paper  mii<i<*  from  stmw,  which  at  the  present  tiuui 
is  in  as  good  conditioii  bm  the  day  it  w&a  priitted. 
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a  three  per  cent,  solution  of  calcium  chloride,  or  with  one  con- 
taining 0  5  per  cent  of  aluminium  sulphate,  and  these  again 
removed  by  washing.  In  paper-making  from  rags  the  fiist 
operatiuu  is  that  of  cutting,  effected  either  by  hand  or  machiiie. 
The  rags  are  then  passed  through  a  machine  termed  the  devil, 
or  thrasher,  by  which  the  rags  are  still  further  disintegrated. 
They  are  then  boiled  with  caustic  alkali  to  remove  any  greaae 
they  may  contain,  and  afterwards  passed  through  the  washiog 
and  rag  engine,  termed  a  Hollander,  because  it  was  invented  by 
the  Dutch.  This  engine  contains  a  rotating  cylioder^  making 
about  230  revolutions  per  minute,  and  is  filled  with  water  and 
the  rags,  fresh  water  being  constantly  brought  in  and  the  dtr^ 
water  escaping.  All  the  engines  through  which  the  rags  pass 
up  to  this  state  are  termed  breakers,  and  the  pulp  is  known  as 
half  stuff.  The  next  process  is  that  of  bleaching,  which  is 
effected  either  by  chlorine  ga3  or  by  bleacldng  powder,  or  by 
both  of  these  agents  combined. 

After  the  pulp  has  been  bleached  by  either  of  these  methods 
the  chlorine  must  be  removed  by  careful  washing,  the  appaiatos 
employed  being  called  a  beating-engine.  As  the  complete 
removal  of  chlorine  by  mere  washing  is  a  tedious  process,  the 
addition  to  the  bleached  pulp  of  a  so-called  anti-ckior  is  often 
resorted  to.  The  commonest  forms  of  anti-chlor  are  sodium 
thiosulphate  (l»yposulphite  of  soda  of  the  shops)  and  sodium 
sulphite,  both  these  bodies  are  oxidized  to  sulphates  by  free 
chlorine  (VuL  IL  Part  II.  p.  118).  The  pulp  is  then  ready 
to  be  brought  on  to  the  paper-machine.^ 

JapaiuM  paper,  distinguished  by  its  peculiar  tenacity,  is 
manufactured  from  the  long  fibres  of  the  bark  of  the  paper 
mulberry-tree,  whilst  the  so-called  ric^-papcr  of  the  Chinese 
is  not  prepared  from  rice,  but  from  the  snow-white  pith  of 
ATaliapapyriftra,  a  small  shrub  only  found  now  in  the  marshy 
forests  of  Formosa* 

88i  Th€  technical  uses  of  wood  are  generally  so  well  known  as 
scarcely  to  require  enumeration.  In  chemical  technology  it  is 
employed  for  the  preparation  of  wotxl  spirit,  pynjligneous  acid, 
&c,,  by  subjecting  it  to  dry  distillation  in  retorts,  when  wood- 
charcoal  is  left  and  gases  evolved,  whilst  the  water  containing 
the  above-oaoied  substances  distils  over  with  wood-tar.  The 
composition  of  the  latter  varies  with  the  kind  of  wood  employed. 

*  Far  a  complete  account  of  prcx;es»cs  of  jm per- making;,  eee  Cirl  Ho 
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Thus,  beech-wood  tar  is  distinguished  by  the  amount  of  creosote, 
a  mixture  of  phenol  and  its  methyl  ethers,  substances  belonging 
to  the  aromatic  series,  which  it  yields,  whilst  birch^wood  tar 
possesses  a  pecuUar  smell,  aud  is  used  in  the  preparation  of 
Russian  leather.  The  use  of  wood  in  the  preparation  of  wood- 
spirit  and  of  oxalic  acid  have  already  been  mentioned. 

Preservation  of  Wood,  Whilst  pure  cellulose  is  a  very  stable 
body,  wood,  when  placed  in  moist  earth,  moulders  or  rots,  on 
account  uf  its  containing  nitrogenons  constituents,  which  give 
rise  to  minute  orgtloisms  favouring  the  process  of  decay.  In 
early  times  surface  carbonization  was  found  to  exert  a  protective 
influence,  and  this  was  long  made  use  of;  hut  at  the  beginning 
of  this  century  numerous  proposals  were  made  to  prevent  the 
rotting  of  tlie  wood  by  means  of  clitmical  antiseptics.  In  1821 
Davy  and  Knowles  proposed  the  use  of  corrosive  sublimate  for 
this  purpose,  and  this  suggestion  was  successfully  carried  out  by 
Kyan  in  1832.  Railway-sleepers  are  now  impregnated  with 
heavy  tar-oils,  or  with  zinc  chloride,  as  a  means  of  preventing 
decay*  For  this  purpose  the  dried  sleepers  are  heated  in  air- 
tight boilers,  from  which  the  air  is  punii>ed  out,  and  then  the 
antiseptic  lit-juid  is  allowed  to  flow  in,  by  which  means  a  perfect 
impregnation  of  the  wood  by  the  liquid  is  effected.^ 


TUNICIN  (CeH,,OJa. 

882  This  substance,  also  known  as  vegetable  cellulose,  is  found 
in  the  mantle  of  ascidia,*  In  order  to  prepare  it,  the  mantle 
is  heated  in  a  Papin*8  digester,  then  treated  for  some  time  with 
hydrochloric  acid^aod,  after  washing  with  water,  boiled  fur  some 
days  with  strong  caustic  potash,  and  then  washed,  first  with 
water  and  finally  \^^th  alcohol.^ 

Tunicin  retains  the  outward  form  of  the  mantle,  and  is  a  thin 
translucent  mass»  Like  cellulose,  it  gives  the  amyloid  reaction, 
and  dissolves  in  Schweitzer's  reagent 

Concentrated  nitric  acid  converts  it  into  an  explosive  nitrate, 
but  it   remains  unaltered  after  boiling  for  some  weeks  with 

*  For  a  compkte  accottnt  of  tlu^  chemical  &nd  technical  properties  and  iisea  of 
Teg#'tibl«  fibreii,  see  Hngo  MuUer*8  article  in  the  stscoud  volume  of  Uofmann's 
BerkM  Ub^r  FurtschnUc  ikr  dianiAtlien  hidustru, 

3  C»  Schmidt,  Anji,  Ckcm.,  rharvu  Iviii.  31S  i  Lovig  and  Kulliker,  Jounu 
Prakt,  Ch^a.  xxx^iL  439, 

*  Schiifcr,  Amt,  Chan.   Fharm.  cli.  E12. 
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dilute  acids.  li  dissolves,  however,  in  concentrated  sulphuric 
acid,  and  tliis  solution  lM>i]ed  with  water  gives  dextruse.*  Schmidt 
considers  tunicin  to  be  identical  with  vegetable  cellulose,  but 
according  to  Borthelot,  who  gave  Ui  it  its  name,  tunicin  is  dis- 
tinguishable by  the  fact  that  it  withstands  the  action  of  acids 
more  completely,  and  that  it  is  not  coloured  by  fluoride  of  boron 
in  the  cold,  whilst  cellulose  is  turned  black.^  Schafer,  however, 
is  of  Sehraidt's  opinion,  whilst  Berthelot  adheres  to  his  own.' 
According  to  Luca,  the  skin  of  the  silk- worm/  as  w*ell  as  that 
of  the  snake/  contains  cellulose,  convertible  on  bailing  with 
dilute  sulphnric  acid  into  glucose  ;  and  Virchow  ^  found  a  similar 
cellulose-liko  body  in  the  human  brain  and  in  the  diseased 
spleen. 

PECTOUS  SUBSTANCES, 


S83  If  the  juice  of  ripe  fruit,  such  as  apples  and  j>ears,  or  that 
of  fleshy  roots,  such  as  carrots,  beets,  &c.,  be  boiled  in  order  to 
remove  albuminoid  substances,  and  if  then  alcohol  be  added  to 
the  liquid,  a  gelatinous  substance  is  precipitated,  which  can  also 
be  obtained  from  the  bark  of  trees.  This  body,  to  which 
Braconnut^  gave  the  name  of  pectin  (Tny/nrro?,  curdled),  as 
well  as  the  compounds,  some  of  which  are  acid  bodies,  which 
are  readily  formed  from  it,  have  been  examined  by  other 
chemists,  especially  by  Chodnew  **  and  Fremy.*"  These  chemists, 
however,  have  not  ohtiiined  concordant  results,  as  the  former 
gives  for  pectin  the  formula  C^H^fi^^t  whilst  Frcmy  gives 
Cj^Hj^Oj^.  According  to  the  latter  chemist,  an  insoluble  com- 
pound termed  pectose  occurs  in  fleshy  roots  and  unripe  fruit, 
and  imparts  to  them  their  hardness,  and  this  in  the  process 
of  ripening,  or  on  boiling  with  acids,  is  converted  into  pectin. 
Accordiug  to  Stiide,  pectose  is  a  lime  compound  of  pectin.'*' 
Other  gelatinous  bodies  are  formed  by  tlie  action  of  alkalis, 
the  last  product  of  which,  according  to  Fremy,  is  metapectic 
acid,  Cj^Hi^Ojy»  a  body  which  can  easily  be  obtained  by 
treating  the  root  with  milk  of  lime,^*  Scheibler,  however, 
finds  that  this  body  is  identical  with  arabic  acid,  being  formed 

*  Franchimont,  Ber.  DeuLfek,  ChcTn,  Gt$,  xii  1938. 

'  Ann.  Chim.  Phtf^.  [3J,  \\±  H».  *  B\kiL  SocChim,  [2],  ri'iiL  9. 

*  Jahrtxb,  1861,  721.  *  Ibid,  1863,  65L  •  Ihid.  1S53.  602, 
'  Ann,  Chim.  Phys,  L  376,                              *  Ann,  Ch^m,  Fhurm.  II  366. 

*>  Ami.  Chim,  Phi/it.  [3],  xxiv.  9.  »«*  Ann,  Chem.  PhartfU  cuaL  244. 

*^  CoMpi,  Hcnd,  ilii.  661. 
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from  the  metarabin  contained  in  beetroot.^  It  is,  however, 
pr^>bably  formed  Irora  the  parabin  whicli  Tleichardt  found  to 
'exist  in  beetroot,  and  which  probably  is  one  of  the  pectous 
substances  described  by  Fremy.  Hence  it  wuulJ  appear  that  the 
latter  body  mnst  he  placed  amongst  the  gams. 


DIBASIC  ACIDS,  C^H.^^Og. , 

884  ScLccharic  Add.  This  name  was  first  appUed  by  Scheele* 
to  an  acid  which  he  obtained  by  the  oxidation  of  cane-sugar  with 
nitric  acid,  and  which  he  afterwards  found  to  be  ordinary 
oxalic  acid.  In  1785  he  observed  that,  together  with  this, 
another  acid  occurred,  which  he  considered  to  be  malic  acid. 
In  1830  Trominsdorff  pointed  out  that  this  is  not  the  case,*  and 
Gueriu  Varry,  who  arrived  at  the  same  conclusion,  termed  the 
new  acid  " acide  oxalhydrique*'  as  in  his  opinion  it  might  be 
L  jfegarded  as  a  compound  of  oxahc  acid  and  hydrogen.'*  Erdmann 
'considered  it  to  be  an  isomeride  of  tartaric  acid,  and  therefore 
termed  it  metatartaric  acid,^  whilst  Hess,  in  1837,  correctly 
determined  its  constitution  and  gave  to  it  Scheele*s  original  name 
of  saccharic  acld.^  It  was  afterwards  further  examined  by 
ThaulowJ  Liebig,^  and  Heintz.^  It  is  produced  by  the  action 
of  nitric  acid,  not  only  upon  sugar,  but  also  upon  mannite, 
dextrose,  Isevulose,  trehalose,  meUzitose,  dextrin,  Uevulin,  starch, 
and  milk-sugar.  The  last  named  yields  at  the  same  time  the 
isomeric  mncic  acid* 

For  the  preparation  of  saccharic  acid  2  parts  (»f  sugar  are 
heated  with  7  parts  of  nitric  acid  of  specific  gravity  1:?7  until 
ED  evolution  of  gas  sets  in,  whereupon  the  mi:^ture  is  allowed  to 
cool  down  to  GO"*  and  maintained  at  this  teriip»:*ratnre  until  it 
begins  to  turn  brown.  The  solution  is  next  slightly  diluted 
with  water  and  removed  from  the  separated  oxalic  acid ;  it  is 
then  neutralized  with  potassium  carbonate,  arid  acetic  acid  added 
until  the  liquid  smells  stiongly  of  the  acid.  On  standing  for 
some  wrecks,  or  it  may  be  months,  crystals  of  the  acid  potassium 
Bait  separate  out.     From  the  mother- liquor  a  further  crop  of 

^  Ber.  DmUach,  Chem.  Gtt.  irt.  612  '  OpuK,  ii.  203. 

•  Ann.  Pharm.  3cxi.  S8.  *  Ann^  Pharm,  xitc.  24. 

•  Jourtu  PrakL  Chem,  ix.  257.  *  Ann.  Pharm.  xxvL  1  ;  %xx,  302# 
'  Pi,  xxviL  113.                              »  Ik  XXX.  313;  rxxiii.  117  ;  cilii.  4. 

•  Jmm,  PmkL  Chem,  Ixxir.  474  j  Ixxvi,  243  ;  Ixxxi.  134. 
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the  crystals  is  obtained  on  evaporation,  but  these  are  mixed 
with  potassium  oxalate.  To  remove  the  latter  the  mixed  salts 
are  dissolved  in  warm  water  containing  acetic  acid,  the  sulution 
precipitated  with  calcium  chloride,  the  filtrate  supersaturated 
with  ammonia,  and  then  evaporated.  The  calcium  salt  thus 
obtained  is  next  transformed  into  the  acid  potassium  salt,  and 
this  is  purified  by  recrystallization.  This  is  then  converted  into 
the  normal  salt  and  the  solution  precipitated  by  a  salt  of 
cadmium.  The  well-washed  precipitate  is  decomposed  by 
sulphuretted  hydrogen,  and  the  filtrate  evaporated  on  the  water- 
bath.  The  residue  on  drying  in  a  vacuum  over  sulpliuric  acid 
forms  a  brittle  amorplious  mass,  which  becomes  sticky  in  the  air. 
It  is  readily  soluble  in  water  and  alcohol  and  possesses  a  sti-ongly 
acid  taste.  On  further  oxidation  with  nitric  acid  it  yields  first 
tartaric  acid  together  with  a  smaller  quantity  of  racemic  acid 
(Hornemann) : 


CH(OH).CH(OH).CO,H 

CH(OH).CH(OH).CO,H 


+   20    = 


CH(0H).C02H 

I  +    2C0,  +   2H,0, 

CHC0H).C0,H 


Saccharic  acid  reduces  am moniacal  silver  solution  with  deposi- 
tion of  a  metallic  mirror.  When  heated  uith  phospliorus  and 
hydriodic  acid  to  140'— 150*'  it  yields  adipic  ncid  C4Hg(C02H)«, 
together  with  other  products. 

S(x^charat€s,  The  normal  alkali  salt«  are  deliquescent,  whilst 
the  acid  salts  are  but  slightly  soluble  in  water  and  cr^'stalhjBe 
welL  Acid  Fotamium,  Sctccfutraie,  C^jH^KOg,  forma  rhombic 
crystals,  soluble  at  7°  in  89  parts  of  water.  Normal  Calcium 
Sacdiarate,  C^jH^CaOg  +  H.,0,  forms  a  fiocculent  precipitate, 
which  from  hot  water  crystallizes  in  rhombic  microscopic  prisms; 
these  are  scarcely  soluble  in  boiling  water,  but  dissolve  readily 
in  a  solution  of  the  free  acid*  Normal  Cadmium  SaccharcUe^ 
CgH^CdOg,  separates  from  a  cold  solution  in  floccube  which  are 
difficult  to  wash  ;  whilst  from  a  boiling  solution  of  the  potassium 
salt  it  is  precipitated  by  cadmium  sulpliate  in  the  fonn  of  miscro- 
Bcopic  needles.  Lmd  Saccluiraie,  C^H^PbOg,  is  obtained  as  a 
curdy  precipitate  when  sugar  of  lead  is  added  to  a  boiling  solution 
of  the  potassium  salt  contiiiniug  acetic  acid.     If  the  precipitation 
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be  effected  in  neutral  solution,  the  hydrogen  of  the  whole  of 
the  hjdroxyl  is  re|ilaccd  by  lead,  and  the  salt  CgH^Pb^Og  is 
obtained,  and  this  wsis  formerly  con^jidcred  to  indicate  that 
saectiaric  acid  was  hexabosic. 

Etht/l  SaccharaU',  CgHg(CgH^gOg.  When  hydrochloric  acid  is 
passed  into  a  nuxture  of  calcium  saccliarat^  and  alcohol,  rhombic 
prisms  of  the  compound  2CuHg(C2H5)20g  -h  CaCl^  are  formed, 
and  these  are  decomposed  by  boiling  water  with  formation  of 
alcohol  and  saccharic  acid.  If,  however,  they  be  dissolved  in  a 
small  quantity  of  cold  water,  the  solution  precipitated  with 
sodium  sulphate  and  alcohol,  and  then  evaporated  in  a  %^icuum, 
ethyl  saccharate  remains  behind.  This  may  be  extracted  with 
a  nuxture  of  alcohol  and  ether,  and  on  evaporating  the  solution 
the  compound  remains  as  a  crystalline  mass  possessing  a  bitter 
taste.  If  the  calcium  chloride  compound  be  treated  in  the 
cold  with  acetyl  chloride,  the  acetate,  C^B.^{C,^yifi)^(CJi^fi^,  is 
cfbtained,  and  this  crystallizes  from  hot  alcohol  in  tables  which 
melt  at  61^l 

Saccharamide,  C^H^f 0H)^(C0.NH^)2,  is  an  amorphous  powder, 
obtained  by  imssing  ammonia  into  an  ethereal  solution  of  ethyl 
saccharate.  It  is  soluble  in  water,  and  on  boiling  its  solution 
is  transformed  into  ammonium  saccharate^ 


Muac  Acid. 


885  This  compound,  which  is  isomeric  with  saccharic  acid, 

was  first  prepciTL'd  in  1780  by  Scheele,  who  obtained  it  together 
with  oxalic  acid  by  tlie  action  of  nitric  acid  on  milk-sugar. 
In  17S5  he  found  that  this  acid,  which  he  termed  acidum 
mceharilactis  or  acidum  ffalaetosacckarinum,  may  also  be  obtained 
from  gum  tragacanth,  whilst  Four<;roy  and  Vauquelin  pointed 
out  that  it  may  likewise  be  obtained  from  other  kinds  of  gums 
and  mucilages,  and  hence  they  termed  it  atide  muqntitx,  which 
name  was  afterwards  changed  to  acide  nmcifpie.  In  addition  to 
the  above  compounds,  it  is  also  obtained  by  the  oxidation  of 
dulcite,  melitoso,  and  galactose,  which,  as  we  know,  is  formed 
together  with  dextrose  by  the  action  of  acids  on  milk-sugar ; 
this  latter  I  eing,  therefore,  the  only  carbohydrate  which  yields 
at  the  same  time  both  mucic  and  saccharic  acids, 

*  Baltzer,  Aniu  Chem.  Pharm,  cxlit,  241. 
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llucic  acid  was  first  more  closely  examined  by  Malaguti  ^  aud 
by  Pelouze  and  Liebig.^ 

For  its  preparation,  1  part  of  milk-sugar  and  4  parts  of 
common  nitric  uci J  ai-e  waroied  togetber,  when  a  violent  evolu- 
tion of  red  vapours  takes  place.  Wheu  tbis  bas  ceased,  the 
mixture  is  boiled  for  a  sbort  time,  and,  after  cooling,  tbe  separated 
mucicacid  is  filtered  otf.  A  further  quantity  is  obtained  frpm 
tbe  mother-liquor  on  evaporation.* 

Mucic  acid  forms  a  pulverulent  crystalline  powder,  consisting 
of  oblique  rlxoiubic  prisms.  It  is  difficultly  suitable  in  cold,  but 
dissolves  more  reiuiily  in  hot  water,  and  it  is  insoluble  in  alcoboL 
On  further  oxidation  with  nitric  acid  it  is  first  converted  into 
raceraic  acid  (Hurnemaun),  and  on  heating  with  phosphorus  and 
hydriodic  acid  it  forms  some  adipic  acid/* 

Mmates,  These  salts  are  distinguished  from  the  saccharatea  by 
the  fact  that  their  normal  alkali  salts  are  less  soluble  in  water 
than  the  correspond ing  acid  salts,  which  crystallize  well.  The 
Baits  of  the  other  metals  are  either  insoluble  or  slightly  soluble, 
Tbey  have  been  examined  by  Malaguti,  Hagen,  and  Johnson. 
When  mucic  acid  is  boiled  vdi\i  sugar  of  lead,  the  salt, 
C^H^Pb^Og,  h^  formed. 

Ethyl  Mumtc,  CgllgCCjHJgOg,  was  obtained  by  Malaguti  by 
warming  together  1  part  of  mucic  acid  and  4i  parts  of  sulphuric 
acid  until  the  liquid  began  to  blacken,  and  then,  after  standing 
twelve  hours,  adding  4  parts  of  alcohol  of  specific  gravity  0  814. 
The  crystals  which  separated  after  standing  for  twenty- four  hours 
were  then  purified  by  recrystallization.  Ethyl  mucate  is  not  formed 
by  the  action  of  hydrochloric  acid  on  a  mixture  of  mucic  acid  and 
alcoliol  (Limpricht).  It  crystallizes  in  four-sided  prisms,  which 
melt  at  158''  with  decomposition,  and  is  readily  soluble  in  boil- 
ing water  and  alcohol  It  dissolves  at  20"*  in  44-  parts  of  water, 
whilst  at  Li'^'o  it  requires  for  solution  15(i  piirLs  of  alcohol  of 
specific  gravity  0  814, 

When  heated  with  acetyl  chloride  to  100^  the  acetat-e, 
0^Jfl^^0)Js(2.^^)fi^,  is  formed,  and  this  crystallizes  from 
boiling  alcohol  in  needles,  which  melt  at  177".^ 

Ethyl  Made  Acid,  C^H^fC^HJOg,  is  obtained  by  tbe  decom- 
position of  tbe  impure  normal  salt  (Malaguti),  or  when  tbe  pure 


1  Ann,  Ckim,  Phjfs,  [2],  Ix.  195  ;  IxiiL  181. 
■  Ann,  Phann,  lix.  258  ;  xxvi  100  ;  cxiii.  1. 

*  Schwiiacrt,  ib.  cjcvL  2i?5  j  nee  alao  Limpricht^  f6.  cUv. 

*  Cnim-IirowTij  /inn.  Chnn.  Fkann.  cxx\%  19, 

*  Wejigo,  Ann,  CJwn,  Pharm.  cucix*  195. 
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compound  ia  boiled  with  water  (Limpricht).  It  is  readily 
soluble  in  water  and  alcoliol,  and  crystatliases  in  lustrous  needles, 
containing  three  molecules  of  water  of  crystallization,  w^hich 
melt  below  100''  to  a  glassy  hygroscopic  mass, 

Mucamiile,  C^H^(OH)^(CO.NH2)2,  is  produced  by  the  action 
of  ammonia  on  the  ethyl  salt.  It  is  somewhat  soluble  in  boil- 
ing water,  and  crystallizes  from  this  solution  in  microscopic 
rhombic  pyramids  or  tables,  wliich  do  not  dissolve  either  in 
alcohol  or  ether.* 

885  Pantnuicic  Acid  was  obtained  by  Laugier  by  evaporating 
a  solution  of  mucic  acid  in  boiling  water.*  In  order  to  purify  it 
the  residue  is  dissolved  in  alcohol  and  allowed  to  evaporate  spon- 
taneously.^ It  forms  cryatalline  crusts  composed  of  rectangular 
tables.  Its  taste  is  more  strongly  acid  than  that  of  mucic  acid, 
and  it  also  dissolves  more  readily  in  water  than  the  latter  acid* 
It  is  again  converted  into  mucic  acid  when  it  is  attempted  to  re- 
crystallize  it  from  hot  water.  The  salts  of  paramucic  acid  (%vith 
the  exception  of  the  normal  ammonium  salt)  dissolve  more 
readily  in  water  than  those  of  mucic  acid,  into  which  latter 
they  are  converted  on  boiling  with  water. 

When  mucic  acid  is  treated  with  phosphorus  pentachloride 
the  following  reaction  takes  place  ;* 

C,H,(0H),(C0,0H)2  +  ePCl^  = 
C^HjCl^CCOCi),  +  6P0Cla  4  8HCL 

The  same  chloride  is  also  formed  in  a  corresponding  way  from 
acid  potassium  saccharate.*  From  its  solution  in  carbon  disul- 
phide  it  separates  in  large  crystals.^  It  is  decomposed  by  water 
with  formation  of  chlonnuconic  atui,C^^ji2l^{C0,0H)nt  and  from 
boiling  water  this  latter  acid  crystallines  in  long  whit^  needles. 
On  heating  with  alcoholic  potash  it  is  decomposed  with  forma- 
tion of  oxalic  and  acetic  acids  (Limpricht), 

By  the  action  of  sodium  amalgam  and  water  it  is  trans- 
formed into  hydromuconic  add,  C^^{GO^)^,  which  crystallizes 
from  hot  water  in  long  needles,  melting  at  195**.  If,  how- 
ever, an  excess  of  sodium  amalgam  be  employed,  adipic  acid 


^  MfilagQti^  Compt^  RtruL  txjL  854, 
'  Ann.  Vhiifl,  \xzu   81. 

•  Malauuti,  Ann.  tThim,  Phim.  ]x^  197* 

•  Lit'«-Bor<iat,  Ann,  Chem,  Pharm,  c.  325  j  Bode,  ib.  cxxxxL  95, 

»  B.-n.  Bfr.  iJtiUsch.  Chcm,  Gw.  xii  1274  :  De  h  Motte,  t6,  xu.  157L 

•  Wiche3ha«a»  Ann,  Ohem,  Fharm,  cxxxv.  250, 
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C^HgCCOaH)^,  is  produced.  Hydromucoaic  acid  unites  with 
bromine  to  form  dibrojniuHpie  acld^  Cfi^vj^GO^)^^  which 
crystallizes  in  needles,  and  by  the  action  of  silver  oxide  on  the 
hot  aqueous  solution  of  the  last-named  acid,  it  is  transformed 
into  mnmnic  acid,  CgHgO^.  This  is  a  monobasic  acid,  and  it 
forms  large  crystals  which  exhibit  numerous  faces,  and  probably 
belong  to  tlie  monoclinic  system*  It  melts  at  a  little  above 
100"*,  and  un  boiling;  Avith  baryta-water  decomposes  into  acetic 
acid,  succinic  acid,  carbon  dioxide,  and  another  acid  which  has 
not  been  further  examined, 

Muconic  acid  is  monobasic  and  homologous  with  aconic  acid. 
From  its  products  of  decomposition  it  may  be  assumed  that  its 
constitution  is  probably  the  following : 


O 


\. 


CO  C.CH2.CH,.C0,H. 

887  Dchydromucic  Acid,  CJI/){CO^M)^,  is  formed  in  smaller 
quantity,  together  with  pyromucic  acid,  C^HjO(CO,H),  by  the 
dry  distillation  of  mucic  acid.*  A  better  yield  is  obtained  by 
heating  mucic  acid  with  hydrochloric  acid,* or  with  hydrobromic 
acid.'*  According  to  Klinkhardt  it  may  be  prepared  in  largest 
quantity  when  equal  parts  of  mucic  acid,  fuming  hydrochloric 
acid,  and  concentrated  hydrobromic  acid  are  heated  together  for 
eight  hours  to  15Q°.  In  this  reaction  other  f>rtjducts  are  also 
formed,  amongst  which  are  carbon  dioxide  and  diphenylene 
oxide,  Cj^jjHgO,  a  compound  belonging  to  the  aromatic  group : 


4C,H,A  - 


6C0,  +  14H.0. 


I 


Dehydromucic  acid  dissolves  but  slightly  in  cold  water  ;  it  is 
more  readily  soluble  in  hut  water,  and  crystallizes  from  tins 
solution  in  lustrous  needles  or  lamiuiE,  which  may  be  sublimed 
by  careful  heating.  If,  however,  the  acid  be  quickly  heated,  it 
decomposes  into  carbon  dioxide  and  pyromucic  acid.  When  its 
aqueous  solution  is  shaken  up  with  bromine  water,  it  is  trans- 
formed into  fumaric  acid,  carbon  dioxide  being  evolved : 

C^H.Oj  -h  SHjO  +  SBr^  =  C,H,0,  -h  SCO^  +  GHBr. 

>  K1inkb«rdt,  Joum.  FrakL  Chcm.  [2],  xxv,  4L 

^  lluinzelmann,  Liek  Ann,  cxoiiL  187, 

•  Seelig,  Ben  Bcutsch,  Chcm,  (ks.  xii.  1081. 


DEHYDROMUCIC  ACID.  601 

It  is  a  strong  dibasic  acid,  forming  salts  which  crystallize  well. 
It  is  a  characteristic  reaction  that  its  aqiieous  solution  on 
addition  of  ferric  chloride  quickly  solidifies  to  a  transparent 
gelatinous  mass. 

By  the  action  of  sodium  amalgam  and  water  it  yields  two  iso- 
meric acids,  C^H^O(C02H)2,  which  may  be  separated  from  one 
another  by  taking  advantage  of  the  different  solubilities  of  their 
barium  salts.  The  one  of  these  acids  crystallizes  in  thin 
tablets,  which  are  easily  soluble  in  water  and  alcohol,  and  melt 
at  144^  The  other  acid  forms  large  hard  crystals,  which  contain 
one  molecule  of  water,  this  being  given  oflf  on  heating.  The 
anhydrous  acid  melts  at  173°  (Seelig). 


FUEFUEYL  GROUP. 


88a  FuTfuTol,  or  Farfurakkkych,  C^HaO.COH.  was  first  pre- 
pared by  UobereiDer.  who  obtained  it,  together  with  formic  acid, 
by  the  distillation  of  sugar  with  dilute  sulphuric  acid  and 
manganese  dio3dde,  and  he  termed  it  artificial  oil  of  ants,* 

Stenhouse  then  found  that  this  compound  is  also  produced 
when  flour  or  sawdust  is  diatilled  with  dilute  sulphuric  acid, 
and  he  ascertained  its  composition.*  It  was  observed  by  Fownes 
that  this  substance  may  be  got  in  largest  quantify  from  bran, 
and  on  this  account  he  termed  the  oily  liquid,  furfurol  [furfur, 
bran,  and  olcitm,  oil).* 

It  is  also  forme^l  when  bran  is  distilled  with  a  concentrated 
solution  of  zinc  chloride,*  or  when,  in  the  preparation  of 
garancin,  madder  iis  boiled  with  dilute  sulphuric  acid.*  Further, 
it  is  produced,  together  with  other  products,  when  wood  is 
heated  with  water  to  198°.*  It  is  found  in  fusel  oil,^  in  the 
distillation -products  of  sugar  and  of  wood,*'  being  present  in 
especially  large  quantity  if  the  latter  be  not  heated  above  200". 

Preparation,  Furfurol  is  best  obf^iined  from  bran,  which 
contains  a  peculiar  substance  giving  elasticity  to  the  husk  of 
the  grain.®  This  is  soluble  in  potash  lye  and  in  boiling  dilute 
sulphuric  acid;  and  in  the  latter  solution  it  is  at  first  trans- 
formed  into  a  saccharine  substance,  which  on  distillation  yields 
furfuroh^^ 

To  prepare  furfurol,  one  part  of  bran  is  mixed  with  an  equal 
quantity  of  sulphuric  acid  and  three  parts  of  water,  and  disr- 
tilled  until  three  parts  have  passed  over.      The  distillate   is 


»  FhiL  Mag.  xriiL  122 ;  xxxvii.  226. 
*  Babo,  Ana,  Chcm^  Phann,  Ixxxv.  100, 


*  Schweigg,  Jourru  Ixiii.  368, 
»  PhiL  trans.  1845,  253. 

*  Greville  Williams,  Cftem,  News,  rxri.  231,  293, 

'  Fi>rHt«r,  Bcr.  Deutwh.  C/ww.  Gen.  xv.  230  ;  JorlBScn,  ib,  57 L 

*  Vokkel,  Ann.  Cftrm.  Pkurm.  Iixxv.  65 ;  IxxzTl*  <$S. 
»  HbiH,  BtT.  PriiUch.  Chem.  Gfs,  x.  936* 

*<*  Gudkow,  ZelUcIi,  Uhem,  1870,  360, 
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neutralized  with  carbonate  of  soda,  and  after  addition  of  connnon 
salt,  one  half  of  the  liquid  is  distilled  off,  and  then  rectified,  in 
which  operation  the  furfurol  passes  over  first  mixed  with  water* 
To  purify  the  product,  it  is  treated  with  very  dilute  sulphuric 
acid,  and  from  tinie  to  time  potassium  dichromate  is  added  in 
very  small  quantities;  it  is  then  dried  over  calcium  chloride 
and  after  this  distilled.*  The  yield  amounts  to  about  three  per 
cent,  of  the  bran  taken. 

Furfural  is  an  oily  liquid  which  has  a  smell  resembling  at  the 
same  time  both  bitter  almond  oil,  and  oil  of  cinDamon,  but  less 
pleasant  than  these,  wliilst  iu  taste  it  resembles  the  last-named 
oil.  It  boils  at  161**  and  has  a  specific  gravity  at  13°*5  of 
1*K>36,  It  is. soluble  in  12  parts  of  water,  and  dissolves  readily 
in  alcahoL  When  exposed  to  the  air  it  darkens  in  colour  and 
finally  is  transformed  into  a  tarry  mass.  Like  other  aldehydes 
it  unites  with  acid  sodium  sulphite,  forming  a  compound  which 
crystallizes  in  scales,-  Silver  oxide  oxidizes  it  to  pyromucic 
acid,*  which  latter  is  also  formed,  together  with  furfuryl  alcohol, 
by  the  action  of  alcoholic  potash  on  furlurol  ;* 

2C,H,0,  +  KOH  =  C,H,KO,  +  C,H,0,, 

889  Furfuryl  Aleohol,  G^Hfi.CKo^.OH,  which  is  also  formed 
by  the  action  of  sodium  amalgam  and  water  on  furfurol,*  has  not 
yet  been  prepared  in  the  pure  state,  as  on  heating,  it  for  the 
most  part  loses  water  and  is  changed  to  a  resinous  mass,  this 
transformation  also  occurring  when  it  is  attempted  to  distil  it  in 
a  vacuum  or  in  a  current  of  hydrogen.  On  keeping,  it  passes 
into  a  pasty  mass,  wliilst  acids  at  once  transform  it  into  a  red 
resinous  body, 

Fur/uramule,  {C^HjO.CH^aN^,  is  formed  by  the  action  of 
aqueous  ammonia  on  furfurol,  and  for  its  preparation  the 
aqueous  distillate  obtained  in  making  furfurol  may  conveniently 
be  employed.  It  is  insoluble  in  cold  water  and  crystallizes 
from  alcohol  in  thin  needles,  which  melt  at  117°.  When  treated 
with  acids,  it  decomposes  into  ammonia  and  furfuroL 

Fur/urin  is  an  isomeride  of  furfuramide  and  is  obtained  by 
adding  the  latter  b^-*dy  to  a  boiling  solution  of  caustic  potash,** 
or  by  heating  it  alone  to  110^—1207 

^  Btenhonse,  Ann.  Chrm,  Pkarm.  dvi.  198. 

•  S«liwAii<>rt,  Ann^  Chmn,  Phnrm.  cxri.  258.  •  Sehwanert,  ih,  257. 

•  \J\nch,Zcitsch.  Cfum,  1861.  186  ;  Limpnclit,  Ann,  CUm,  P/wnn,  ckv.  279 » 

•  BrilstMu  and  Si^hraelz,  Ann,  Chem.  Fhurm,  SttppL  iiL  275, 

•  Fownes,  PHL  Trans.  1845,  253;  Ann^  Ckettu  Tharm,  U?.  £5. 
7  BerUgmni,  t^.  IxxxviiL  12d. 
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To  purify  the  product  it  is  dissolved  in  a  boiliug  solution  of 
an  excess  of  oxalic  acid,  in  order  to  obtain  the  acid  oxalate 
which  is  difficultly  soluble  in  cold  water.  The  boiling  Rolution 
of  this  salt  is  then  decolorized  with  animal  charcoal  and  after- 
wards decomposed  by  ammonia.  Furfurin  dissolves  in  4,80Q 
parts  of  cold,  and  in  135  parts  of  boiling  water,  crystallizing 
out  on  cooling  in  small  rhombic  prisms  which  melt  at  116**,* 
It  dissolves  readily  in  alcohol  and  ether,  possesses  an  alkaline 
reaction,  and  is  a  monacid  base  whose  salts  crystallize  weU.- 

When  heated  with  ethyl  iodide  it  yields  tihyl  fur/urin, 
C^JI^/Cfi^)l!i./y^t  which,  when  the  resulting  iodide  is  de- 
composed with  silver  oxide  and  the  solution  evaporated, 
remains  behind  as  a  syrup.*  When  furfur  in  is  warmed 
with  acetic  anhydride  it  is  transformed  into  ncetyl  fur/urin, 
CijjHji(C2HjjO)N^03,  which  forms  a  crystalline  mass  insoluble 
in  water,  and  not  attacked  by  either  ethyl  iodide  or  nitrogen 
trioxide  (R.  Schiff). 

By  mixmg  very  dilute  solutions  of  furfurin  sulphate  and 
potassium  nitrite,  nitrosa-fur/nrin,  O^^TI^^{lSO)^fig,  is  obtained, 
which  yields  crystals  meltiug  at  112^* 

Furfurin  is  an  iraido-base,  and  is  probably  produced  from 
furfuramide  in  the  following  way  : 

aH,O.CH^Nv  C,H.O.C{NHK 

NCH.C.H^O  =  1 1  >CH.C,H30. 


C^HgO.CH—N^ 


C.HaO.CCNH) 


/ 


According  to  this  formula  it  would  contain  two  imido-groups, 
whilst  its  derivates  only  indicate  the  existence  of  one  such 
group.  But  it  may  here  be  pointed  out  that  in  diethyl-urea 
only  one  atom  of  hydrogen  of  the  two  imido-groups  can  be 
replaced  by  nitroxyl.  It  is,  however,  possible  that  furfurin 
bas  the  foUowinsr  constitution: 


C,H,OCH— NH 


CH.C.HjO. 


1  / 

C,H,O.C  ZN 

890  Condensation  produds  of  FwrfuroL     From  the  above  de- 
scription of  the  compounds  of  furfurol  it  will  be  seen  that  this 

»  R.  SchitT,  Bf^r.  Dcuf^h.  Chan.  Gcs.  x,  1186. 

^  .SwauWrg  unil  Bt'rg8tr*md,  Journ.  Pmkt.  Chem.  IxvL  229. 

*  Dftvidson,  Edin.  Aew.  Phil.  Mag,  (1855)  ii,  284. 

*  R.  ScMir,  Bcr.  DeuUch,  Chem.  Ges,  xi.  1260. 
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body  b^ars  a  striking  reaemblauce  to  the  aldehyde  of  benzoic  acid 
which  constitutes  the  principal  constituent  of  bitter  almond  oil. 
Like  this  latter  substance,  it  yields  condensation  products,  and 
these  have  been  examined  by  E.  Fischer,  who  has  given  them 
names  analogous  to  those  of  the  well-known  derivatives  of 
benzoic  aldehyde.^ 

Furain,  C\^HgOj,  is  produced  by  boiling  furfurol  with  dilute 
alcohol  and  potassium  cyanide.  It  crystallizes  from  hot  water 
in  line  prisms,  which  melt  at  135*,  and  dissolve  in  caustic  soda 
solution  yielding  a  deeply  coloured  dark-red  liquid,  wiiich  by 
jreflectecl  light  has  a  bloish-green  colour.  This  Si>lutiou  becomes 
colourless  in  the  air  from  the  formation  of  furil.  \Yhen  buileil 
with  acetic  anhydride,  acHtji-faroin,  CjpH7(C^HjO)03,  is  pro- 
duced, and  this  crystallizes  from  hot  water  in  needles  melting  at 

76— 7r, 

The  following  equation  explains  the  formation  of  furoin : 
C.HgO.COH         C.HgO.CO 


C,H,O.COH 


C,Hp.CH.OH 


Fiiril,  C|qH,jO^,  is  formed  when  a  current  of  air  is 
throufjh  a  solution  of  furoin  in  dilute  alcohol : 


C,H,O.CO 


C,H30.CH.0H 


+  O   - 


H,0, 


aHgaco 

C^H^O.CO 

It  is  almost  insoluble  in  water  and  crystallizes  from  hot  alcohol 
in  golden  yellow  needles  which  rnelt  at  162^  It  unites  with 
bromine  to  form  furil  odobromuk,  Ci^He^Br^O^,  which  yields 
yellow  crystals,  and  on  heating  is  transfonaed  into  dilmmfunl, 
CiQH^Br^O^.  This  last-named  body  crystallizes  from  hot  alcohol 
in  golden  yellow  laminae,  which  melt  at  183'^ — 184'',  and  sublime 
without  decomposition, 

Pyromucic  Acid,  C^H^CCO^H. 

8gi  Scheele  observed  in  1780,  that  when  mncic  acid  is 
heated  it  yields  an  acid  sublimate,  the  vapour  of  which 
possesses  a  penetrating  odour,  resembling  that  of  benzoic  or 
succinic  acid.  TrommsdorflF  assumed  that  acetic,  pyrotartaric 
and  succinic  acids  are  thus  formed,  but  Houton-Labillardi^re 
showed  that  the  sublimed  acid  is  a  new  compound.  The  dry 
distillation  of  mucie  acid  is  not  a  method  which  can  be  recom- 
*  Ann,  Chem,  Fharm.  cczL  SH. 
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mended  for  the  preparation  of  pyromucic  acid,  aa  by-products 
are  formed,  and  consequently  the  yield  of  the  acid  is  small.  If 
furfurol  be  oxidized  with  silver  oxide,  about  14  per  cent,  of  the 
theoretical  quantity  of  the  acid  is  formed,  whereas  if  alcoholic 
caxistic  potash  he  employed  the  yield  amounts  to  33  per  cent. 
Hence  in  order  to  prepare  this  acid,  furfurol  is  mixed  with  a 
rather  dilute  solution  of  alcoholic  potash,  and  the  mixture 
repeatedly  exhausted  with  ether  to  remove  furfuryl  alcohol. 
The  potassium  pyromucate  is  then  dissolved  in  a  small  quantity 
of  water,  a  resin  heing  left  behind.  The  filtrate  is  next  heated 
with  hydrochloric  acid,  when  white  pyromucic  acid  sejmratea  out 
on  standing  for  twenty-four  huiu's,  whilst  that  remaining  in 
solution  is  obtained  by  Bhaking  up  with  ether  (Limpricht), 

Pyromucic  acid  dissolves  in  28  parts  of  water  at  15*"  and  in 
4  parts  at  the  boiling  point ;  it  crystallizes  in  long  plates  which 
melt  at  134*",  but  subhme  at  lOlT  in  needles. 

The  PyromiLcates}  The  salts  of  pyromucic  acid  are  nearly  all 
soluble  iu  water,  and  Uke  the  acid  itself  give  a  red  precipitate 
with  ferric  chloride. 

Ethyl  Fip'omucatc,  C^^fi^iC^H.^},  is  obtained  by  the  action  of 
hydrochloric  acid  on  an  alcoholic  solution  of  the  acid,^  It 
ciystalUzes  in  tables,  which  melt  at  34**  and  are  insoluble  in 
water;  it  boils  at  between  208"^  and  210'',  and  it  is  not  attacked 
by  acetyl  chloride.  Ammonia  converts  it  into  the  amide, 
C^H^O.CO.NH.^,^  which  may  also  be  obtained  from  the  chloride 
C^H^O.COCl.*  The  last  named  compound  is  a  pungent-smelling 
litjuid,  which  has  not  been  prepared  in  the  pure  state.^  The  amide 
forms  warty  crystals,  which  easily  sublime  in  tablets  resembling 
those  of  benzoic  acid,  and  melt  at  142°.  When  distilled  with 
phosphorus  peutachloride  *  or  phosphorus  pentoxide,^  furfur- 
onitril,  C^H^O.CN,  is  formed,  a  liquid  smelling  like  benzonitril 
and  boiling  at  147^  By  the  action  of  zinc  and  sulphuric  acid 
it  is  converted  into  furfurylarain,  C^Hg.CHg.NH^.  This  is  a 
powerfully  refracting  liquid,  smelling  like  coniin,  and  boiling 
at  147^ 

8g2  Addition  Products  of  Pyromucic  Acid.  When  the  acid  is 
exposed  to  the  vapours  of  dry  bromine,  a  tetrabromide  is  formed, 

*  Btnlstein  and  Schtntilz,  Ann,    Chttn,   Phann.  Suppl.  iiL  2S5, 
'  MalagTiti,  i^,  xxv.  276 ;  SchiflT  mid  Ta«Hsinari,  J5^-r,  Deiitsch,  Chcm.  Gt*.  %u 
1840,  »  Scbwan^jrt,  Ann,  Chcm.  Pharm,  C3cvi  282. 

Lifea-Bodart,  Compt,  Rmd,  xlviii.  391 


•  Limpricht  and  Rolide,  Ann.  Ckrifu  Phann,  clxv.  280, 

*  Walliieh,  Lkfrnr^f  Anu.  ccxiv,  227, 


'  Ciamician  and  Dtanst^di,  ib.  1058. 
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CgH^Br^Oj,  whicli  is  soluble  in  cold  water  aad  separates  in  weU- 

forraed  cystals  from  its  soliitioE  in  a  mixture  of  ether  and 
petrolenm  spirit.  Reducing  agents  re-convert  it  readily  into 
pyromucic  acid,  whilst  chromic  acid  solution  oxidizes  it  to 
dibromsuccinic  acid.  Ethyl  pyromucate  also  combines  with  four 
atoms  of  bromine ;  the  compound  separating  out  from  chloroform 
in  colourless  crystals,  which  melt  at  from  46°  to  48**  and  decom- 
pose at  a  higher  temperature,  becoming  easily  reduced  again  to 
ethyl  p}iroraucate,*  The  ethereal  salt  combines  iUso  with  four 
atoms  of  chlorine,  when  a  transparent  syrup  is  obtained  having 
a  peasant  smell  of  tlie  wood  of  the  allspice  tree  {Calycanthus 

When  an  aqueous  solution  of  pyromucic  acid  is  saturated  with 
chlorine,  mucochloric  acid  is  obtained  :  ^ 

C^H.Og  +  2H,0  +  401^  -  C,H,C1,0,  +  CO,  ^  OHCl. 

It  crystallizes  from  hot  water  in  rhombic  tablets,  which  melt 
at  125".  Aqueous  alkalis  decompose  it  in  the  cold  into  formic 
and  a-dichloracrylic  acid* 

By  the  action  of  bromine  on  aa  aqueous  solution  of  pyromucic 
acid,  a  compound  is  first  formed  to  which  Limpricht  has  given 
the  name  of  aldehyde  of  fu marie  acid  : 

C.H.O^  +  2Br.,  ^  2H2O  =  C.H.O^  +  CO^  -h  4nBr. 

This  forms  a  syrup,  from  which  crystals  separate  on  standing. 
It  is  a  monobasic  acid  which  on  oxidation  is  transformed  into 
fumaric  acid ;  *  its  constitution  being,  therefore,  the  following : 

^^  rcoH 

^^^4  CO.  OH. 

By  the  action  of  an  excess  of  bromine  mucobramic  acid, 
C^H^Br^Og,  is  formed,  and  this  crystallizes  from  hot  water  in 
glistening  laminjB  which  melt  at  120^*  When  treated  with 
water  and  caustic  baryta,  it  yields  ^-dibromacrylic  acid  and 
brompropiolic  acid.*'  Oxidizing  agents  transform  it  into  dibrom- 
maletc  acid :  ^ 

^  TonnieBp  Ber,  Deutsch.  Chem,  Ots,  id.  1085,   " 

'  Malftgtiti,  Ann.  Ctum,  Fharm,  xxv,  279  i  xxxU.  41. 

*  Schmelz  and  BeOatein,  ih.  SuppL  iii.  279, 

*  Lim|)richt,  Ann.  Ch&iK  /*/wn«.  div,  285  ;  Ikeyer,  Btr.  DtiUsck,  CJuin,  On, 
I.  136L 

*  Btilstein  ajid  Schmeb,  Ann.  Chem,  Pharm.  SuppL  iiL  276  j  Liiuiiricht,  ib. 
c]xv.  2W6.  *  Hill  and  JuckBon«  Btr.  Xhulsch^  Chctiu  Ges,  xu  167 1* 

y  Hill,  16.  xiil  734. 
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Substitution  Products  of  Pyromucic  Acid. 

893  Monohromjiyromudc  Acid,  C^H3Br0.j.  When  etbyl  pyro- 
mucate  is  combined  with  two  atoms  of  bromine  and  the  product 
then  treated  with  alcoholic  potash,  two  acids  of  the  above  com- 
position are  formed.  Of  these  one  forms  glistening  scales  which 
mtdt  at  1SU\  and  are  almost  insoluble  in  cold  and  dissolve 
but  little  in  hot  water.  The  second  acid  is  easily  soluble  and 
crystallizes  in  tliin  needles,  which  melt  between  156'  and  157* 
When  boiled  with  acidulated  water  this  is  gradually  transformed 
into  the  fir-st-named  acid,* 

I>ihrompijromucic  Acid,  C^Hj^Br^Oj,  is  produced  by  the  action 
of  alcohoUc  potash  on  the  tretrabromide  of  pyromucic  acid.  It 
crystallizes  in  small  scales  which  melt  at  184'*^ — 186\  and 
sublime  at  a  liigher  temperature.  It  is  not  attiicked  by  a 
boiling  solution  of  chromic  acid,  but  it  dissolves  in  bromine 
water  with  evolution  of  carbonic  dioxide  and  formation  of  the 
aldehyde  of  mucobromic  a^id,  C^H^Br^Oj,  a  substance  readily 
soluble  in  wattir  and  crystallizing  from  ether  in  concentrically 
grouped  needles  which  melt  at  88°.  When  warmed  with 
chromic  acid  solution,  or  if  bromine  be  led  into  its  boiling 
aqueous  solution,  it  is  oxidized  to  mucobromic  acid.* 

Suiphopi/ramucic  Acid,  C^'B^O^{SO^H),  is  obtained  by  treating 
pyromucic  acid  with  sidplmr  trioxide,  and  yields  a  barium  salt, 
(C5H303)2{SO^j2Bap  which  does  not  crystallize  well.* 

Nitroptfronmcic  Acid,  Cfi3(tfO^O^,  is  produced  by  the  action 
of  a  mixture  of  concentrated  nitric  and  sulphuric  acids  on 
dihydroraucic  acid : 

It  is  difficultly  soluble  in  water,  but  dissolves  readily  in  alcohol 
and  crystallizes  in  transparent,  yellow,  rectangular  prisms  or 
tables  which  melt  at  183^  By  the  action  of  tin  and  hydro- 
chloric acid  it  is  transformed  into  succinic  acid  :* 

C,H3(N0a)0.C0,H  +  SH,  +  H,0  =  C^H/CO^n),  -h  C0^-»-  NH,, 

894  Tcirol,  C^H^O.  This  compound,  which  is  also  known  as  te- 
tTaphtiiol  orfurfuTan^  is  produced  by  heating  barium  pyromucate 

*  Bchiff  and  Taaainnri,  Ber.  Dmt^h,  Chmi.  Or^.  xl  842  ;  1840* 
5*  Toiiuies,  Ber,  Dfut^tch.  Chan.  Qes,  xi.  10S8  ;  liL,  1202, 

*  Schwanert,  Ann,  Chrm.    Phann.  cxvL  268. 

*  Klinkijariit^  Joum.  PralL  Chem.  [2],  xxv.  61. 
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with  addition  of  a  little  soda-lime.  It  is  a  peculiarly-smelling 
liquid,  which  boils  at  32**,  and  if  a  little  be  allowed  to  evaporate 
quickly  ou  a  glass  rod  a  portion  of  it  crj^stallizes.  It  is  not 
attacked  by  bromine  even  on  warming,  but  acids  decompose  it 
with  formation  of  pyrrol-red.^ 

Tetrol  appears  also  to  be  found  contained  together  with 
sylvan  or  methyl -tetrol,  C^H,^(CH^)0,  amongst  the  distillation 
products  of  pine  wood.  Sylvan  is  a  liquid  boiling  at  6'^.  It  is 
not  attacked  by  sodium,  whilst  hydrochloric  acid  converts  it  into 
a  resinous  mass*  By  potassium  permanganate  it  is  oxidized  to 
acetic  acid.^ 

Pyrbol,  C,H^(NH). 

895  This  compound  was  found  in  coal-tar  by  Kunge,  who 
noticed  that  the  smallest  quantity  of  its  vapour  imparted  a  deep 
red  colour  to  a  shaving  of  pine  wood,  moistened  with  hydro- 
chloric acid,  and  on  this  account  he  gave  the  new  substance 
the  above  name  (from  irvppo^,  flame-coloured).  By  this  reaction 
he  also  detected  its  presence  in  ammonia- water  of  the  gasworks, 
in  the  vapours  given  ofiF  in  the  carbonization  of  horn  and  bone, 
and  in  the  so-called  oil  of  tobacco.^  He  did  not»  however,  suc- 
ceed in  isolating  this  compound,  hut  this  w^as  accomplished  by 
Anderson,  who  separated  it  from  Dippels-oil  and  fixed  its 
formula.*  It  is  formed  in  larger  quantity,  together  with  other 
products,  in  the  dry  distillation  of  feathers  and  of  flannel,  and 
likewise  of  several  alkaloids,*  and  it  is  also  jjroduced  when  the 
vapour  of  diethylamine  is  passed  through  a  tnbe  heated  to 
duU  redness :  ^ 

(C,HJ,^^H  =  C,H,(NH)  -h  3H^. 

Schwanert  then  obsen^ed  that  it  occurs  amongst  the  products 
of  the  dry  distillation  of  ammonium  nmcate :  ^ 

_C,H,(0H),(C02NH,),  =  C,H,N  +  CO^CNHJH  +  CO^  +  3H,0, 
This  decomposition  proceeds  more   readily  if   glycerine  be 
"added. ^     Pyrrol  is  also  produced,  and  in  large  quantity,  in  the 
dry  distillation  of  ammonium  saccharate." 

P>Trol  is  a  colourless  liquid,  which  has  a  pleasant  ethereal 
smell ;  it  boils  at  ISS**  and  when  exposed  to  the  air  gradually 

*  Limprielit  and  Rodhe,  Ann,  Chfm,  Phrmi,  clxv,  281. 
»  A.  Her!  ^rg,  Bcr.  DeuUeh,  Chem,  Ocs.  xiiu  879, 

■  Fogg,  Ann.  xxxi.  67.  *  Ann,  Chmi.  Fkarm,  IxxxiiL  63  j  cv,  349* 

*  Willittms,  Ch^n,  Gaz,  1858,  S09  and  321- 

*  Bell,  Ber.  Deutath,  Chem,  QfM  x.  1861.         ^  Ann,  Chem,  Pharm,  Ciri  278. 
»  Goldftchmiilt,  ZtiUch.  Chent.  1867,  2S0. 
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acx^uires  a  brown  colour  It  is  almost  insoluble  in  water,  but 
diesolves  slowly  in  dilute  acids,  without,  however,  entering  into 
combination  with  them.  With  mercuric  chloride,  however,  it 
forms  a  crystalline  compound,  C^H^N  4-  2HgCl2,  which  does  not 
dissolve  in  water.  Strong  acids  decompose  pyrrol,  with  forma- 
tion of  the  pyrrol-red  before  mentioned,  its  production  being 
explained  by  Anderson  as  follows ; 

3C,H,N  +  H,0  =  Ci,Hi,N.O  +  NH,, 

Pyrrol-red  is  a  light,  orange-red  powder,  which  docs  not  dis* 
solve  in  water,  and  is  bat  slightly  soluhle  in  alcohol. 

Pyrrol  unites  with  nascent  hydrogen,  forming  pyrrolin^ 
C4H^(NH),  an  oily  lifiiud  that  boils  at  90'' — 91^  and  acts  as 
a  strong  base.^ 

CarbopT/rrolamuie^  CgH^N^O,  By  the  dry  distillation  of  am- 
monium mucate  and  of  mucuraide,  Malaguti  obtained  a  crystal- 
line budy  which  he  termkid  pf/rotmtcamidchiaffiiddi**  Schwanert, 
who  examined  this  substance  more  closely,  found  it  to  be  the 
amide  of  carhopyrrolic  acid,  C^H^N.COgH.^  For  its  preparation 
the  aqueous  liquid  is  separated  from  the  pjrrol  and  evaporated, 
and  the  crystals  are  repeatedly  recrystalhzed  from  alcohol^  the 
solution  previous  to  the  final  crystallization  being  treated  with 
animal  charcoal.  It  forms  laminiE  which  are  slightly  soluble  in 
water,  possess  a  sweet  taste  (MaJaguti),  melt  at  176**'5  and 
decomp>se  at  a  higher  temperature*  Ammonium  saecharate 
does  not  yield  any  carbopyrrolamide  (Bell  and  Lapper). 

Carhopyrrolu  acid,  C^H^N.CO^H.  The  barium  salt  of  this 
acid  is  obtained  by  boiling  the  amide  with  baryta  solution,  and 
crj^stallizes  in  thin,  flexible  plates.  If  concentrated  hydrochloric 
acid  be  added  to  a  cold  concentrated  solution  of  the  barium  salt, 
the  greater  part  of  free  acid  is  precipitated,  and  tliis  must  be 
quickly  separated  from  the  liquid.  The  residual  hquor  very 
quickly  becomes  rose-red  coloured  and  then  brown,  and  the  acid 
contained  in  it  cannot  he  separated,  as  even  on  most  careful 
evaporation  of  the  solution  it  is  transformed  into  pyrrol -red 
with  evolution  of  carbon  dioxide. 

Carhopyrrolic  acid  crystallizes  from  dilute  alcohol  in  small 
prisms  which  at  100''  sublime,  yielding  broad  feathery  crystals, , 
At  a  slightly  higher  temperature  it  is  decomposed  into  carbomi 
dioxide  and  pyrrol. 

»  Ciamicmo  and  Dennatt'dt,  Ber,  DmUch.  Chrm,  G€»,  xvi,  1536. 

•  CompL  Ilend.  xxii  856.  *  Ann,  Chcm,  rhotni,  cxvi.  270» 
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896  Ethyl-pyrrol,  C^H^.NCjHg,  is  produced  in  the  dry  distilla- 
tion of  the  mucate  and  of  the  saccliarate  of  ethylamine,'  It  is  a 
colourless  liquid  which  in  smell  resembles  pyrroh  It  boils  at 
131''  and  imparts  an  intense  red  colour  to  a  pine  shaving  moist- 
ene<l  with  hydrochloric  acid.  It  does  not,  however,  yield  any 
pyrrol-red  when  heated  with  hj^drochloric  acid. 

Together  with  ethyl-pyrrol,  ethylamine  mucate  yields  also 
duthylmrhapf/trdamide,  C^H^{C2^^)^jO,  and  tridkyldicarho- 
pprrolamufr,  C^^^^(C2Bi^,J^./)2'^  ^^^  these  products  are  not 
obtained  from  the  corresponding  saccharate.  The  first-named 
body  crystallizes  in  prisms  whicli  melt  at  43** — 44** ;  it  boils  at 
26D** — 270^  and  on  heating  with  alcoholic  potash  solution  splits 
up  into  ethylamine  and  ctht/l-carhopyrrolic  ddd^  C^^{Q^^' 
CO^H.  This  acid  crystallizes  from  hot  water  in  glistening 
silky  needles  which  melt  at  TB"*  and  readily  decompose  into 
ethyl-pyrrol  and  carbon  dioxide.  The  triethyldicarbopyrrol- 
amide  is  a  crystalline  mass  which  does  not  dissolve  in  water. 
It  melts  at  229* — 230""  and  on  heating  with  alcohrilic  potash  to 
130°  splits  up  into  ethylamine  and  etkyl-dicixrhopi/rrolic  add^ 
C^H.jNtC^HJfCO^H)^.  The  last  named  acid  crystallizes  from 
alcohol  in  needles,  and  when  heated  to  250'' it  decomposes,  with- 
out previously  melting,  into  ethyl-pyrrol  and  carbon  dioxide. 

The  corresponding  methy!  an<l  amyl  compounds  have  also 
been  prepared  and  examined  by  Bell. 

Acttyl-pyrrol^  C^H^^NC^HgO.  By  acting  on  pyrrol  with 
potassium,  potassium-pyrrol  is  produced,  and  this,  when  treated 
with  acetyl  cMoride,  yields  acetyl-pyrrol.  It  is  a  liquid  which 
boils  at  177° — 178°,  has  a  very  peculiar  smell,  and  on  heating 
with  potash  solution  is  split  up  into  pyrrol  and  acetic  acid. 
Acetyl-pyrrol  is  also  formed  when  p}Trol  is  heated  together 
with  acetic  anhydride  and  anhydrous  sodium  acetate.  The 
principal  pro<iuct  of  this  reaction  is,  however,  pscvdo-aceiyl' 
pyrrol,  C^liJC^Rfi)'^^.,  a  substance  which  was  formerly  con- 
sidei^d  to  be  acetyl-pyrrol  itaelf.*  It  crystallizes  from  ether  in 
splendid  needles,  which  melt  at  90**;  it  boils  at  220*  and  is  not 
decomposed  by  caustic  potash  solution.  If  its  hot  aqueous 
aolution  be  treated  with  sUver  nitrate  and  a  little  ammonia,  a 
crystalline  precipitate  is  obtained  having  the  composition 
C;H,(C,H30)NAg.» 

1  Ml,  B€r,  IkuUfX  Chan,  Qe»,  x,  1861  :  Bell  wd  Lapper,  \Jb,  x.  1961. 

*  R.  Sehitr,  Ber,  Dtutfch.  Chem.  Ges,  x,  1600, 

*  Ciamidaii  and  Benastedt,  it.  xvi.  2348. 
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897  Is&pi/rotnmic  Acrid,  C^H^O.COjjH,  is  formed,  togetliur  wim 
pyromucic  acid,  in  the  dry  distiUation  uf  atiimuaiiiin  mucate. 
It  is  very  easily  soluble  in  water,  and  decomposes  carbonates  but 
slowly.  It  may  therefore  be  separated  from  pjTomucic  acid  by 
exhausting  the  mixture  with  a  small  quantity  of  water,  or  the 
iiistillate  may  be  treated  with  barium  carbonate  and  then  shaken 
up  with  ether.  This  acid  melts  at  82"*,  easily  sublimes  in  tablets 
and  yields  witli  iron  chloride  a  deep  green  colouration.* 

Fuaisol,  C^H^O^.  This  compound,  which  is  isomeric  with 
furfurol,  was  obtained  by  Stenhouse  by  distilling  certain  sea 
algSB  (Fucns),  peat-moss  {Sphagnum),  and  lichens  {Usrifa, 
Cetraria,  &c.),  with  ditute  sulphuric  acid.  It  is  an  oil  which 
resembles  furfurol;  it  has  a  specific  gravity  of  I'loO  at  13^5, 
and  boils  at  171" — 172'',  a  part  of  the  substance  being,  however, 
converted  into  a  resin.  It  differs  from  furfurol  by  being  some- 
what less  soluble  than  this  body  in  water  and  ammonia,  The 
last-named  substance  converts  it  into/ua*samirfe,  (C^H30.CH)3Nj, 
which  crystfdlizes  from  alcohol  in  long  needles ;  on  boiling  with 
a  weak  solution  of  caustic  potash  it  is  transformed  intj3  its  iso- 
meride  /ttcusin,  a  substance  which  at  8**  dissolves  in  2,400  parts 
of  water,  and  separates  frora  liot  water  in  flat  conoentrically 
grouped  cryst^ils.  It  has  an  alkaline  reaction  and  forms  crystalline 
salts.' 

Fu€US(nc  Add,  or  ^-Pyromucic  Acid,  C^H^O.CO.H,  is  formed 
when  fucusol  is  boiled  with  silver  oxide  aod  water,  and  crystal- 
lizes from  aqueous  solutioa  in  rhombic  tables  which  melt  at 
130"* 

FuTjuracrokiJi,  C^H^O.C^H.,.COH,  is  obtained  when  a  mixture 
of  furfurol  and  aldehyde  is  warmed  mth  a  weak  solution  of 
caustic  soda: 

C,H30,C0H  +  CH,.COH  =  C,H,O.CH  "  CHCOH -h  Hp, 

It  crystallizes  from  hot  water  in  needles  which  have  an  odour 
resembling  that  of  cinnamon.  These  melt  at  hV  and  by  careful 
heating  may  be  sublimed.  When  boiled  with  water  and  silver 
oxide  *  it  is  transformed  into  the  compound  next  to  be  described, 

*  LimpHcht  and  Kohde,  Ann.  Cfi^-m,  Phann,  clxv,  256,  ^8, 
'  Ann.  Cfiihi.  Pharm.  Ixxiv.  28 4» 

*  Stenhouse,  Proc.  J!oif,  Sck^,  xx.  SO, 

*  J.  G.  Schmidt,  Ber.Dcutich.  Chtm,  Oes,  riii.  2842. 
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8g8  Far/uracrylic  Acid,  C^H30.C2H3.COgH,  is  also  produced 
when  a  mixture  of  furfurol,  acetic  aubydride,  and  anhydrous 
sodium  acetate  is  heated  for  some  hours  to  the  boiliiig  point : 

SC^HgO.CH  —  CH.CO.OH  +  H^O. 

It  is  difficultly  soluble  in  cold  water,  and  crystallizes  from  hot 
water  in  long  brittle  needles  which  resemble  cinnamon  in  smell, 
melt  at  I2b^,  and  may  be  vulatilized  in  a  current  of  aqueous 
vapour. 

This  acid  is  isomeric  with  saUcylic  acid.   It  combines  with  iias- 

it  hydrogen  forming  furfurpropiooic  acid,  C^HgO.CjH^^COgH^ 
which  hag  a  strong  cinnamon-like  smeU,  and  forms  cr)^sta!s 
which  melt  at  Bl\ 

If  to  its  aqueous  solution  one  molecule  of  bromine  and  after- 
wards three  molecules  of  silver  oxide  be  added,  the  silver  salt 
of  dibasic  furonic  acid,  CgHflOjj(C02H)3  is  formed  ;  this  acid 
cryatiilhzes  from  hot  water  in  needles  which  melt  at  ISO",  With 
nascent  hydrogen  it  unites  to  form  hydrofuronic  acul,  CfH/3^ 
(CO^)^,  a  sub^stance  reathiy  soluble  in  water  and  crystallizing 
in  needles  which  melt  at  112^  If  this  acid  be  heated  with 
hydriodic  acid  and  phosphorus  to  200",  it  is  reduced  to  a-piniciia 

Farfurawjdic  Ami,  C^HjO.C^H^^CO^H,  is  formed  by  heating 
together  furfurol,  butyric  anhydride,  and  sodium  butyrate.  It 
crystallizes  in  needles  which  melt  at  88^and  unites  with  hydro- 
gen forming  /iirfurvalei^ic  cicid,  C^HgOX-^Hg.CO^H,  This  last 
named  acid  is  a  disagreeably  smelling  oil,  and  is  converted  by 
the  action  of  bromine  and  silver  oxide  into  buti/rofuwnic  acid^ 
C^Hj^Og^  a  substance  readily  soluble  in  water,  and  reduced  by 
phosphorus  and  hydriodic  acid  into  a-azelaic  acid,* 

Furfur Andykm,  C^HjjO.C^Hj,  is  produced  when  isobutyric 
anhydride  is  heated  with  furfurol  and  potassium  isobutyrate.  It 
is  a  colourless  oily  liquid  which  boils  at  153'*,  and  has  a  peculiar 
odour  resembling  that  of  the  beetle  Carahus  si/rophania}  If  to 
its  solution  in  glacial  acetic  acid  a  concentrated  solution  of 
potassium  nitrite  be  added,  the  compound  C^H^^O.Nj\  is  pro- 
duced, a  substance  whioh  crystallizes  well,  and  uu  reduction  in 

1  Bwyer,  Ber.  Veuijtch.  Ch^m,  Ge$,  x.  356,  696.  18P8, 

»  Baeyer  &  Tanxiies,  Ber.  Ikuiifeh,  Oksm,  Oc».  x,  13454  ;  TonmeB,  ib,  xii.  1200. 

*  Bftejer  aitd  Tonnie^  ib,  x,  1864. 
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hydrochloric  acid  sulution  yields  the  hydrochloride  of  the  base 
CgHj(jO(OH)NH5,  Hence  the  addition-product  posseBses  the 
formula  C,H30.C^H7.(NO)(ONO}.i 

899  CoTistitntion  of  the  Fttrfuryl  C<^mpou7ids, — ^These  contain 
the  group  C^H^Op  which  in  accordance  with  Baeyer  s  suggestion  is 
termed  "  furfur/*  lis  constitution  may  be  arrived  at  from  the 
following  considerations.  Furfurol  act**  in  all  its  relations  in  an 
exactly  analogous  manner  to  benZf^deliyde,  a  substance  which 
belongs  to  the  aromatic  group,  and  contains  its  six  atoms  of 
carbon  arranged  in  the  form  of  a  ring.  It  may  therefore  be 
assumed  that  in  the  furftiryl  compounds  the  four  atoms  of  carbon 
form  a  similar  closed  chain.  The  simplest  member  of  this  group 
18  tetrol,  C^H^O,  a  substance  which  is  not  attacked  by  the  alkali 
metals,  and  therefore  does  not  contain  hydro xyL  Tlie  action  of 
phoisphorus  pentachlorido  on  pyromucic  acid  also  shows  that 
"furfur"  contains  neither  the  hydroxy]  group  nor  the  carbonyl 
group, 

Tiie  formation  of  dehydromucic  acid  from  mucic  acid  may 
therefore  be  explained  as  follows : 


CH(0H)CH(0H;C02H      CH.C.COaH 


l>c 


">0       +  3HjO. 


CH(OH)CH(OH)COsH      CH,C.COjH 

By  separation  of  carbon  dioxide  this  then  yields  pyromucic 
acid  and  tetrol: 


CH.CH 

II   l> 

CH.C.CO,H. 


cacH 

II  l> 

CH.CH. 


Pyromucic    acid    unites    with    bromine    to    form    a    tetra- 
broniide : 

CHBr.CHBr 

3HBr.CBr.C0gH, 


i. 


wliilst  on  oxidation  it  yields  fumaric  acid : 
CH.CH  CH.CO,H 


CH. 


C.CO,H 


30  = 


+  CO, 


CH.COjH 


'  Tonnies,  Ber.  Dtuiseh.  ChttH.  Oa.  zL  IRll. 
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And  the  acids  produced  from  furfuryl-acrylic  acid  will  possess 
the  following  formulae : 

Furfarproplonic  Acid.  Fnronio  Acid. 

CHLCH  CHLCOgH 


II    l>o 

CH.C.CB 


CH^CH,.CO^  CH.CO.CH,.CH,CO,H. 

a-Pimelic  Acid. 

CH..CO,H 

I 
C  iij*  C' Hj.  C  JX2.CM2.  COj  II . 

Pyrrol  is  produced  by  heating  ammonium  succinate ;  and  also 
when  the  vapour  of  diethylamine  is  passed  through  a  red- 
hot  tube : 

CH3.CH,        CH.CH 

\NH«||      I^NH+SHg. 
CH^CH,        CH.CH 

The  other  compounds  of  the  pyrrol  group  have  the  following 
constitution : 

Carbopyrrolamide.  Carbopyrrolic  acid. 

CH.CH  CH.CH 

II     I>H  II     T>NH 

CH.C.CO.NHy  CH.C.CO.OH. 

DiethylcarbopyTrolamide.  Triethy1dicarbop3rrrolamide. 

CH.CH  CH.C.CO.N(C,HJH 

II     |>N.CA  II     |>N.CA 

CH.C.C0.N(CjH5)H.        CH.C.CO.N(C,HJH. 

900  Tetrylene-Dicarhoxylic  Add,  G^BLJ^GOfi\.  The  ethyl  salt 
of  this  acid,  which  is  also  known  as  hoTnoitaconic  acid,  is  obtained 
in  small  quantity,  together  with  that  of  ethyl-lactic  acid  and  the 
sodium  salts  of  the  two  acids,  by  the  action  of  dry  sodium 
ethylate  on  the  ethyl  salt  of  a-chlorpropionic  acid.  The 
formation  of  the  acid  is  explained  by  the  following  equation : 

•CHj  CHjj 

COjH.CHa        +      ^CHCLCOjH    = 

^CH,  CH, 

COjH.CH\CH.COsH    +    2HCL 
203 
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The  ethyl  salt  is  a  pleasantly  smelling  liquid,  wkich  boils 
at  SSO"*.  When  heated  with  strong  hydrocliloric  acid  it  yields 
the  free  arid,  which  crystaUizes  from  hot  water  in  rhombic 
prisms,  Tliese  melt  at  170' — 171*.  and  at  a  higher  temperature 
sublime  in  fine  needles.  This  acid  is  isomeric  with  hydromuconic 
acid,  from  wbich  it  differs  in  the  fact  that  it  does  not  unite  with 
hydrogen,  bromine,  &c.^ 
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goi  Meconic  Add,  C^H^O^*  In  the  year  1805  this  acid  was  dis- 
covered by  Sertiimer  in  opium  (Mf/jcciii^toi/),*  and  was  afterwards 
more  completely  examined  by  Robiquet,^  and  by  Liebig.*  It  is 
now  ohtainud  as  a  by-product  in  the  preparation  of  the  alkaloids 
contained  in  opium*  In  order  to  purify  the  crude  acid  it  is 
recrystallizeJ  from  warm  dilute  hydrochloric  acid,  in  which  it  is 
in  the  cold  less  soluble  than  in  piue  water.  The  acid  is  neact 
convert'Cd  into  the  ammonium  salt|  and  this  is  then  decomposed 
by  hydrochloric  acid.^ 

Meconic  acid  dissolves  in  four  parts  of  boiling  water,  and  on 
cooling  the  solution  it  separates  out  in  micaceous  scales  or  small 
rhombic  prisms,  which  contain  three  molecules  of  water  of 
crystallization,  these  being  lost  at  100^  When  heated  more 
strongly  meconic  acid  loses  carbon  dioxide,  and  is  converted  into 
comeuic  acid,  C^H^O^,  and  pjTomeconic  acid,  CgH^O^.  Very 
minute  i[uantities  of  ferric  chloride  impart  a  deep  red  colour  to 
solutions  of  meconic  acid  and  its  salts.  This  colouration  is  not 
destroyed  on  addition  of  auric  chloride,  iis  is  the  case  with  the 
similar  colouration  produced  by  thiocyanic  acid. 

Wlien  sodium  amalgam  is  added  to  a  solution  of  meconic  acid, 
the  latt-er  takes  up  hydrogen,  and  a  non-crystaUizable  acid  is 
obtained,  which  from  the  analysis  of  its  silver  salt  appears  to  be 
he^hf/drom^conic  acid,  CyH^gO^  * 

Mecmiaks,  Three  of  the  atoms  of  hydrogen  in  meconic  acid 
are   capable   of  replacement   by   metals,  and   Liebig  therefore 

^  MflrltownikDW  and  Krestovniikow,  Li&b*  Aniu  ccviii,  SdS. 
«  Gilbert,  Ann.  Phyn,  xiii.  1,  234  j  xiv.  1,  47. 

■  AntK,  Uhim,  Phys.  v.  282  ;  \i.  236  ;  liii  425. 

*  Ann,  Pharm.  vii.  237  ;  xxvi.  113,  U7. 

■  iMeiinel,  Jnum,  PrnkL  Chni.  [2],  xxvi,  449. 

•  V.  Korir,  Ann.  Chem.  Phartn.  cxxxvUi,  191. 
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considered  it  to  be  a  tribasic  acid.  Later  researches  have  however 
shown  that  it  contains  together  with  two  carboxyl  groups,  one 
hydroxy!,  the  hydrogen  of  which  can  be  replaced  by  metals. 
The  basic  salts  thus  produced  possess  a  yellow  colour. 

Normal  Potassium  Meconate,  C^HgKgOy,  is  readily  soluble  in 
hot  water,  and  separates  out  on  cooling  in  lustrous  silky  needles 
or  laminae.  On  the  addition  of  some  hydrochloric  acid  to  the 
cold  concentrated  solution  of  the  normal  salt,  or  of  caustic  potash 
solution  to  an  excess  of  meconic  acid  solution,  the  acid  salt 
C7H3KO7  is  obtained  in  fine  needles.  If,  however,  an  excess  of 
the  caustic  potash  be  employed,  then  the  yellow  basic  salt, 
C7HK3O7,  is  thrown  down. 

Normal  Silver  Meconate,  CyH^AggOy,  is  a  snow-white  pre- 
cipitate, which  on  boiling  with  water  passes  into  the  yellow 
basic  salt,  CyHAggOy.  The  latter  salt  is  also  formed  when  a 
solution  of  the  acid  exactly  neutralized  with  ammonia  is  pre- 
cipitated with  silver  nitrate,  the  solution  afterwards  exhibiting 
an  acid  reaction. 

Normal  Ethyl  Meconate,  C^'K^(fl^^fi^,  is  obtained  by  passing 
a  stream  of  hydrochloric  acid  gas  into  a  mixture  of  one  part  of 
the  anhydrous  acid  and  two  parts  of  absolute  alcohol  until  the 
acid  ethyl  meconate  which  is  in  the  first  place  precipitated  is 
redissolved.  The  normal  salt  crystallizes  from  hot  water  in 
small  plates  or  flattened  prisms  which  melt  at  lll'**5  (Mentiel). 

Add  Ethyl  Meconate,  C7H3(C2H5)07,  crystallizes  from  hot 
water  in  colourless  needles  which  melt  at  179"*,  and,  like  the 
foregoing  compounds,  yields  a  red  colouration  with  ferric 
chloride.  If  silver  nitrate  be  added  to  its  solution,  silver  ethyl 
meconate,  C7H2Ag(C2Hg)Oy  +  H^O,  is  formed,  and  this  crystallizes 
from  hot  water  in  needles. 

Triethyl  Meconate,  C^'R{G^^fi^,  is  prepared  from  the  salt 
C7HAg(C2H5)207,  which  is  obtained  as  a  yellow  precipitate  by 
first  adding  the  requisite  quantity  of  silver  nitrate  to  a  hot 
solution  of  the  normal  ethyl  salt,  and  then  exactly  neutralizing 
with  ammonia.  This  precipitate  must  be  washed  and  dried  in 
the  dark.  This  is  then  heated  with  ethyl  iodide,  when  the 
triethyl  salt  is  obtained,  which  crystallizes  from  dilute  alcohol  in 
prisms  melting  at  61*. 

Ethyl  Meconic  Add,  C^'R^{C^^O^,  is  produced  when  the 
preceding  compound  is  boiled  for  some  time  with  water.  It 
forms  small  prisms,  has  a  strongly  acid  reaction,  and,  as  is  also 
the  case  with  the  triethyl  salt,  yields  no  colouration  with  ferric 
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chloride.    It  melts  at  200*'.  giving  off  carbon  dioxide. 
is  metameric  with  acid  ethyl  meconate ; 


This  acid 


Etliyl  Meconic  Acid. 


Acid  Ethyl  Meconate, 


C^HOsjCO^H 


oK 


rco.NH^ 


Mec4mamie  Acid,  C^HO^  <  CO.OH  The  basic  ammonium 
^  I  OH. 
nit  of  this  acid  is  thrown  down  as  a  yellow  precipitate  when 
an  excees  of  ammonia  is  added  to  a  concentrated  hot  solution  of 
acid  ethyl  meconate.  On  decomposition  with  hydrochloric  acid 
the  free  acid  is  produced,  and  this  separates  from  hot  water  in 
warty  concretions,  which  contain  one  molecule  of  water  of 
crystallization.  It  is  not  decomposed  by  cold  caustic  soda 
solution,  but  on  heating  the  mixture  ammonia  is  evolved  and 
sodium  meconate  produced  (Mennel). 

903  Comenic  Acid^  C^H^O^  is  foiTned  when  meconic  a<;id  is 
heated  to  200'' — 220*',  or  when  it  is  boiled  with  strong  hydrochloric 
acid*  It  dissolves  in  somewhat  above  sixteen  parts  of  boiling 
water,  and  crystiillizes  out  on  cooling  in  prisms  or  plates,  which 
are  but  little  soluble  in  cokl  water.  Ferric  chloride  imparts  a 
blood-red  colour  to  solutions  of  the  free  acid  and  its  salts.  like 
meconic  acid  it  unites  with  Iiydrogen,  but  the  product  has  not 
been  further  examined. 

Comcnates.  Comenic  acid  is  a  monobasic  oxyacid,  and  like 
meconic  acid  forms  not  only  normal  but  also  bajsic  salts,  which 
almost  oil  crystalUze  easily, 

Ethj/l  Comenate,  C^jHyO^(C,H&)i  is  obtained  by  passing  hydro- 
chloric acid  gas  into  absolute  alcohol  in  which  comenic  acid  is 
euspendefl.  It  crystallizes  from  boiUng  water  in  quadratic 
prisms  which  melt  at  126^^5,  but  volatilize  at  a  lower  tempera- 
ture than  this.  Its  solution  is  coloured  a  deep  red  by  ferric 
chloride.  If  a  stream  of  nitrogen  trioxide  be  passed  into  anhydrous 
ether  containing  the  free  acid  in  suapension,  eihi/l  nitrocanienate, 
C^HjfN 0^)0^(0^115),  is  obtained ;  this  foiTus  small  yellow  needles 
which  melt  at  147*,  and  dissolve  readily  in  hot  water.  Its 
solution  is  coloured  red  by  ferric  salts.  With  various  bases  it 
yields  yellow  salts,  which  crystallize  weU.^ 

If  ethyl  comenate  be  heated  with  acetic  anhydride  to  150"*, 
1  Reib*t«iii^  Joum.  Frakl^  Chem.  [2],  xxIt,  278. 


COMENIC  ACID.  619 


ethyl  acctocomcnate,  C5H3(OC2H80)Ojj(C02.C2H^,  is  obtained 
This  crystallizes  in  needles  which  melt  at  104^  It  yields  no 
colouration  with  ferric  chloride,  and  is  readily  split  up  by  water 
into  acetic  acid  and  the  ethyl  salt. 

Amidocomenic  Acid,  C5H2(OH)02(NH2)C02H,  is  produced  by 
the  action  of  tin  and  hydrochloric  acid  on  ethyl  nitrocomenate 
It  crystallizes  from  hot  water  in  lustrous  needles,  which  with  a 
little  ferric  chloride  give  an  indigo-blue  colouration,  this  being 
changed  to  red  on  the  addition  of  more  of  the  reagent.  It 
unites  with  hydrochloric  acid,  forming  a  salt  which  crystallizes 
in  micaceous  scales. 

Comenamide,  C5H2(OH)02(CO.NH2)2.  The  corresponding 
ammonium  compouud  is  produced  by  the  action  of  ammonia  on 
the  ethyl  salt,  and  this  on  treatment  with  hydrochloric  acid 
yields  the  amide,  which  is  purified  by  recrystallization  from 
boiling  water.  It  forms  small  white  plates  and  contains  one 
hydrogen  atom  which  may  be  replaced  by  metals. 

Comenamic  Add,  C^HgNO^  +  2H2O,  is  isomeric  with  comen- 
amide,  and  is  obtained  by  boiling  comenic  acid  with  an  excess 
of  ammonia: 

C,H2(OH)02(C02H)  +  NH3  =  C5H2(OH)0(NH)C02H  +  HjO. 

The  ammonium  salt  is  of  course  formed  in  this  reaction,  and 
this  is  then  decomposed  by  hydrochloric  acid.  The  free  acid 
crystallizes  from  hot  water  in  colourless  lustrous  tables,  which 
effloresce  on  exposure  to  air,  and  its  solution  is  coloured  purple 
by  ferric  chloride.  Like  comenic  acid  it  forms  two  series  of 
salts.  When  heated  with  zinc  dust,  pyridin,  C5H5N,  is  formed, 
a  base  which  it  will  be  more  convenient  to  describe  in  the 
sequel.^ 

Chlorcomenic  Acid,  2C0H3CIO5  +  3H3O.,  is  formed  by  passing 
chlorine  into  water  containing  comenic  acid  in  suspension.  It 
dissolves  readily  in  water,  and  crystallizes  in  long  four-sided 
prisms,  which  lose  their  water  at  100**,  and  at  a  higher  tempera- 
ture melt  and  then  blacken  and  decompose.  It  yields  with 
ferric  chloride  the  same  colouration  as  that  given  by  comenic 
acid,  and  its  salts  are  distinguished  from  the  corresponding 
comenates  by  their  greater  solubility.^ 

Bromcomcnic  Acid,  2CqII^BtO^  +  SHoO,  is  obtained  by  the 

1  Lieben  and  Haitinger,  Ber.  Dmiach.  Chem,  Gea.  xvi  1268.     See  also  Ost, 
Joum.  Prakt.  Chem.  [2],  xxvii.  257. 
»  How,  EiHnb,  PhiL  Trans,  xx.  part  II.  225. 
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action  of  bromine  water  on  comenic  acid  or  meconic  acid.  It 
resembles  clilorcomenic  acid,  but  is  less  soluble  tban  the  last^ 
named  acid.* 

By  the  continued  action  of  bromine  and  water  an  acid  is 
obtained  which  lias  the  empirical  formula  of  dibrompjromeconic 
acid ;  but  it  cannot  be  this,  as  on  heating  with  water  it  is  easily 
transformed  again  into  monobrorameconic  acid.  Mennel  assumes 
that  it  cx>ntains  an  atom  of  bromine  replacing  the  hydrogen  of 
the  hydroxyl,  and  terms  it  therefore  hrortiOTylhromcmncnic  acid, 
CgHBrO,(OBr)C02H.  It  dissolves  readily  in  water  and  alcohol, 
and  crystallizes  in  fine  rhombic  tables.  Its  solution  does  not 
yield  any  immediate  colouration  with  ferric  chloride,  but  on 
longer  standing,  or  at  once  on  heating,  the  liquid  assumes  a  red 
colour,  bromcomenic  acid  being  formed.^ 

When  the  last*named  acid  is  boiled  with  hydrochloric  acid  or 
hydrobromic  Sicid,  ox^ycomcKiic  acid,  C^OJOW^J^O^,  is  formed. 
It  crystallizes  from  water  either  in  long  needles  which  contain 
three  molecules  of  water,  or  in  short  prisms  which  contain  only 
one  molecule  of  water  of  crystallization.  With  ferric  chloride 
it  first  gives  a  blue  colouration,  which  changes  to  red  on  further 
addition  of  the  reagent.  It  is  a  monobasic  acid,  but,  like  meconic 
acid,  it  forms  three  scries  of  salts.^ 

903  FfroijiEcmiic  Acid,  CgH^O^,  was  discovered  by  Sertumer 
in  1817,  but  was  for  some  time  considered  to  be  identical  with 
meconic  acid,  its  individuality  being  first  recognized  by  Robiquet,* 
For  its  preparation  anhydrous  meconic  acid  is  heated  to  300* 
or  higher,  and  a  current  of  carbon  dioxide  is  passed  through  the 
appiu-atus  in  order  to  bring  the  pyromeconic  acid  into  the 
receiver  and  to  prevent  the  temperature  rising  to  too  high  a 
point.  The  distillate  contains  some  acetic  acid,  comenic  acid/ 
and  other  products.  In  order  to  purify  it,  the  acid  is  redistilled 
in  small  quantities  at  a  time,  and  is  then  crystallized  from  hot 
water.* 

Pyromeconic  acid  crystallizes  in  large  prisms  which  melt  at 
117°  and   dissolve   readUy  both  in  water  and  alcohol     They 


■ 


^  Ann,  Chfm,  Fharm.  Ixxr,  85 ;  Ixxxiii.  356. 
^  Jaum,  FrakL  Ch^m,  [2J,  ixvi.  466. 
"  Obt,  Jb.  I'll  xxiii.  440, 

*  Aftn.  Chcm,  Pharm.  v.  90. 

*  This  was  at  iirst  conaidered  to  be  paracomtfrnc  acid  (Stenhonse,  (7^/i,  5<ic. 
Mem,  iL  (I8i4),  X),  but  Ost  has  found  tb^t  tbs  STibatance  is  identical  vrith 
comeiiif;  «cid. 

*  Chjt,  Joum.  Prakl,  Chem,  [2],  xix.  177. 
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sublime  even  at  the  ordinary  temperature,  but  more  readily  at 
100\  and  tbe  liquid  boils  between  227**  and  228'.  The  aqueous 
solution,  which  has  only  a  weak  acid  reaction,  yields  with  ferric 
chloride  a  blood-red  colouration. 

FlfTomtcaruitcs,  Pyromeconic  acid  does  not  cont^ain  the  car- 
boxyl  group,  but  an  hydroxyl,  the  hydrogen  of  which  can  be 
replaced  by  metals.  The  compounds  so  formed  unite  with  a 
second  molecule  of  pyromeconic  acid  to  form  the  so-called  acid 
salts.  All  the  pyromeconates  are  unstable  bodies.  They 
darken  on  exposure  to  light,  and  are  decomposed  when  boiled 
with  water.  The  alkaline  salts  readily  decompose  in  presence 
of  free  alkali,  formic  acid  being  produced  (Ost), 

When  pyromeconic  acid  and  acetyl  chloride  are  heated 
together,  acdojyyro'mi'conic  acid,  C^Il,J0^(0C2^/y),  is  produced ; 
it  forms  colourless  prisms,  which  melt  at  Ol"*  and  ilissolve  readily 
in  water,  but  on  heating  tbe  solution  it  is  easily  split  up  into 
pyromeconic  and  acetic  acids.  The  solution  does  not  yield  a 
colouration  with  ferric  chloride. 

When  hydrochloric  acid  gas  is  passed  into  an  ethereal  solution 
of  pyromeconic  acid,  the  compound  C^TLfi^^^Cl  separates  out 
in  small  needles.  Water  decomposes  this  product  into  its 
constituents. 

If  concentrated  sulphuric  acid  be  added  to  an  ethereal  solu- 
tion of  pyromeconic  acid,  the  following  compoimds  are  produced 
according  to  the  quantity  added  :  viz.^  either  C^H^OjjSO^Hj, 
crystallizing  in  needles,  or  2(C5H^OJ,S04H2»  obtained  in  tbe 
form  of  prisms.  Both  substances  are  at  once  decomposed  by 
water  (Ost). 

Concentrated  nitric  acid  acts  energetically  on  pyromeconic 
acid,  large  quantities  of  pnissic  acid  and  some  oxalic  acid  being 
formed.^  Under  certain  conditions  nitromeconic  acid,  shortly 
about  to  be  described,  is  produced, 

904  Brom pyromeconic  Add,  CjHgBrOg,  is  formed  by  the 
action  of  bromine  water  on  an  aqueous  solution  of  pyromeconic 
acid,  and  crystallizes  from  hot  water  in  short  prisms  or  tablea 
Its  solution  yields  a  deep  red  colouration  with  ferric  chloride  * 

lodopyromccanic  Acid,  C5H3IO3.  On  the  addition  of  chloride 
of  iodine  to  a  solution  of  pyromeconic  acid  t!ie  iodo-acid 
separates  out  in  small  colourless  plates.  These  are  readily 
soluble  in  hot  water,  and  their  solution  acquires  a  dark-red 
colour  on  addition  of  ferric  chloride.     By  using  an   excess  of 

'  Brown,  PhiL  Mag,  [I],  viii,  201,  *  Brown,  Chem,  Soc,  Joum,  vi  78» 
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chloride  of  iodine,  Brown  obtained  a  yellow  crystalline  precipitate 
which  he  described  as  iwlomeeone,  C^HJgOj,  but  doubtless  this 
product  was  simply  iodoform  : 

C^H^Ojj  -h  7IC1  -h  SH^O  =  2CHI3  +  iJCOj  4-  m  +  7HCL 

NUropyromtamic  Acid,  CjH3(N02)03,  is  obtained  by  adding 
from  2  to  3  parts  of  pure  concentrated  tittiic  acid  to  a  weli- 
cooled  solution  of  4  parts  of  pyromeeonic  acid  in  12  parts  of 
glacial  acetic  acid.  At  first  crystals  separate  out,  which  probably 
consist  of  meconic  nitrate.  After  a  short  time,  however,  a 
powerful  reaction  commences,  and,  on  cooling,  the  nitro-com- 
pound  separates  out  in  crystals.  These  are  purified  by  recrys- 
tallization  from  hot  absolute  alcohol,  the  solution  being  quickly 
cooled,  as  on  long  beating,  either  with  alcohol  or  water,  the 
compound  is  decomposed.  It  forms  small  light  yellow  prisms^ 
which  are  but  difficultly  soluble  in  cold  water.  Its  solution  has 
a  deep  yellow  colour,  and  }ields  a  blood-red  colouration  with 
ferric  chloride,  Nitropyromeconic  acid  is  monobasiCi  forming 
yellow  salts,  which  explode  when  heated, 

Amidojti/romccoHw  Acid^  G^^Qilii^O^.  If  the  nitro^acid 
just  described  be  treated  with  tin  aud  dilute  hydrochloric  acid, 
ajid  the  tin  be  then  precipit^ited  %vith  sulphuretted  liydrogen, 
a  solution  is  obtained  of  the  hydrochloric  acid  compound  of 
amidomeconic  acid,  which  on  evaporation  is  obtained  in  large 
rhombic  prisms,  having  the  composition  C5H3(NH2)03,  HCl  -k-  VLfi. 
This,  when  treated  with  ammonia,  yields  the  amido-acid,  which 
crystallizes  from  liot  water  in  long  needles.  Its  neutral  solution 
jields,  with  a  little  ferric  chloride,  a  beautiful  indigo-blue 
colouration ;  on  further  addition  of  the  reagent,  the  colour 
becomes  green^  and  then  blood-red.  The  solution  reduces  silver 
nitrate  with  separation  of  metallic  silver.^ 

Nitmsopyromtc&j^ic  Acid,  CJl^(!>iO}0^,  If  absolute  ether  be 
saturated  with  nitrogen  trioxide,  and  the  solution  then  shaken 
up  with  a  little  finely-i>owdered  pyromeeonic  acid,  the  liquid^ 
which  is  at  first  clear,  afterwards  deposits  an  orange-yellow 
crystalline  precipitate  of  niirosodipyroinecouic  acid,  Q^^{^0)0^-{- 
CgH^Oj,  which,  by  the  further  action  of  nitrogen  trioxide,  is 
converted  into  nitrosopyromeconic  acid. 

NitrosodipyromecoTiic  acid  is  stable  only  in  absence  of  lights 
in  the  presence  of  which  it  is  decomposed  with  formation  of 
pnissic  acid.  This  last-named  acicl»  together  with  mtrogen 
1  Ost,  Jmim,  Fmki,  Uhem,  [2],  six,  177. 
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trioxide,  carbon  dioxide,  and  other  gases,  is  also  formed  when 
the  aqueous  solution  of  the  nitroso-acid  is  evaporated,  there 
being  pioduced  at  the  same  time  smeary  deconi position-pro- 
duets,  free  pyromeconic  acid,  and  a  compound  of  equal  molecules 
of  the  last-named  acid  aud  oxypyromecazonic  acid  (Ost), 

905  Oxypyromccdzonic  Acid,  C^R^^O^,  The  double  compound 
just  described  is  obtained  in  larger  quantity  wlien  the  nitroso- 
compound  is  mixed  with  water  to  a  paste,  and  sulphur  dioxide 
passed  in.  It  crj^stallizes  in  acute  monoclinic  tables,  and  is 
only  difficultly  soluble  in  cold  water.  When  boiled  with  chloro- 
fomi,  pyromeconic  acid  passes  into  solution,  and  the  same 
decomposition  takes  place  when  heated  alone  to  120** 

Oxypyromecazouic  acid  crystallizes  from  hot  water,  either  in 
dazzling  white  needles  which  contain  one  moleculo  of  crystfilliza- 
tion  water^  or  iu  the  anhydrous  form  in  short  prisms.  It  occurs 
less  frequently  iu  needles  containing  two  molecules  of  water  of 
crystalUzation.  Like  pjTomeconic  acid,  it  furms  two  series  of 
salts,  uniting  with  acids  more  easily  than  tiie  former  acid. 
Ferric  chloride  imparts  to  its  solution  an  intense  dirty  violet 
colour,  and  its  alkaline  solution  yields  on  exposure  to  the  air  a 
fine  blue  precipitate,  which,  however,  soon  becomes  discoloured, 

Pyromecazonic  Acid,  Q^^O^,  is  formed  in  small  quantity, 
together  with  the  amido-acid,  in  the  reduction  of  the  nitro-acid. 
It  is,  however,  better  obtained  by  the  action  of  liydriodic  acid 
on  oxypyroraecazonic  acid.  It  crystallizes  in  fine  rhomic  tables, 
and  forms  a  diacetyl  compound* 

906  Fijronumzone,  C^H^NOg,  is  produced  when  concentrated 
nitric  acid  is  added  to  pyromecazonic  acitl  suspended  in  ether, 
the  whole  being  kept  well  cooled.  The  product  is  insoluble  in 
ether,  but  dissolves  readily  in  water.  The  solution  stains  the 
skin  violet,  and  has  a  peculiar  smell,  somewhat  resembEng  that 
of  iodine.  It  crystallizes  from  absolute  alcoliol,  or  from  spirit^ 
in  small  needles,  containing  one  molecule  of  alcohol.  Pyro- 
mecazone  passes  readily  into  pyromecazonic  acid  by  the  action 
of  sulphurous  acid. 

When  tlie  last-named  acid  is  treated  with  nitric  acid  in  the 
presence  of  glacial  acetic  acid,  the  pyromecazone  which  is  first 
formed  passes  into  solution  on  further  addition  of  nitric  acid, 
and  after  a  short  time  compact  yellow  prisms  of  nitropi/rmnecazoite, 
C5H2(NO^)NO^  +  H.,0,  separate  out.  In  miueous  solution  this 
substiince  decomposes  slowly  in  the  cold,  and  quickly  if  heated 
to  30 '-40^  c:irbon  dioxide  being  evolved,  and  miropyrQiriecax^mic 
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acidf  C^Hj^^O^lfO^,  being  precipitated.  This  acid  may,  how- 
ever, be  obtained  in  larger  quantity  and  without  the  evolution  of 
gas  by  reduction  with  sulphur  dioxide.  It  is  a  monobasic  acid 
which  crystallizes  from  solution  in  a  large  quantity  of  water,  in 
golden-yellow  tablets.  With  ferric  chloride  it  yields  a  blood- 
red  colouration.* 


907  Clulidonic  Acid^  C^H^O^p  was  discovered  by  Probst*  in 

celandine  {Clulidmimvi  majm)^  and  more  closely  exaniined  by 
Lerch,*  It  is  contained  in  largest  quantity  at  the  time  of 
flowering,  and  occurs  partly  in  the  free  state  and  partly  as 
calcium  salt,  together  with  malic  acid.  It  is  somewhat  difficultly 
soluble  in  cold,  but  dissolves  readily  in  hot,  water,  and  on  slow 
evaporation  separates  out  in  silky  needles  containing  one  and  a 
half  molecules  uf  water.  On  slowly  cooling,  it  is  obtained  in 
small  interlaced  needles  which  contain  one  molecule  of  crystal- 
lization water.  When  exposed  to  air  it  slowly  becomes  anhydrous. 
On  heating  to  ISO'^it  loses  water,  and  above  220°  carbon  dioxide 
is  evolved,  a  new  acid  being  formed  which  has  not  been  more 
closely  examined. 

Chelidonic  acid  differs  from  meconic  acid  by  containing  one 
atom  less  oxygen.  Like  the  last-named  acid  it  forms  three  series 
of  salts,  those  containing  two  equivalents  of  metal  being  the 
most  stable. 

Potassium  Chelidonate,  CyHjjK^Og,  crystallizes  in  small,  easily 
soluble  needles.  If  caustic  potash  be  abided  to  its  solution,  a 
yellow  crystalline  precipitate  of  the  salt  C^HK^Oj,  is  prcKluced, 

Barium  chloride,  lead  acetate,  and  silver  nitrate  yield 
amorphous  yellow  precipitates  when  added  to  an  ammoniacal 
solution  of  the  acid. 

According  to  Lieben  and  Haitinger,  however,  these  so-called 
tribasic  salts  of  chelidonic  acid  belong  to  a  new  acid,  produced 
by  taking  up  the  elements  of  water  and  conta-ining  two 
hydroxyls  besides  two  carboxyl  groups,  this,  new  acid  in  the 
free  state  readily  passing  into  chelidonic  acid. 

If  chelidonic  acid  be  boiled  with  ammonia,  chdidonamie  atid^ 
CyHyNOg,  is  produced,  a  body  standing  in  the  same  relation  to 
chelidonic  acid  as  comenamic  acid  to  comenic  acid,  and  like  the 
first-named,  yielding  pyridin  when  heated  with  zinc  dust,* 

'  Oat,  Jmirn,  ProlL  CJ\rm.  [2],  utiii.  268. 

*  Ann,  Ch^m,  Pft/trm.  xxix.  110.  *  76.  Mi.  273, 

*  IJt;b^n  and  Haitintjer,  if^r,  Deutsche  Chem,  Ges.  xri,  1259 ;  Liet9eiLmftyer» 
J(mm.  Praki,  Chcm.  [2J,  xx^ii  292. 
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By  boiling  with  lime,  chelidonic  acid  is  completely  resolved 
into  acetone  and  oxalic  acid  (Lieben  and  Haitinger),  and  from 
this  the  following  constitutional  formula  for  chelidonic  acid  may 
be  deduced : 

CO.OH 


1 

CO.OH 

CUCH 

1 

CH, 

0     CO    +    3H,0 

CO.OH 

+    CO 

- 

1       1 
C    CH 

CO.OH 

CH, 

1 

1 

CO.OH 

CO.OH 

As  will  be  further  explained  under  pyridin,  the  above  formula 
explains  in  a  simple  manner  the  relation  between  these  two 
bodies. 

Acids  derived  from  Potassium  Carboxide. 

908  Berzelius  and  Wohler  were  the  first  to  observe  that  in  the 
preparation  of  potassium  by  Brunner's  method  a  grey  or  black 
porous  mass  is  formed.  Gmelin  noticed  that  this  body  changes 
colour  on  exposure  to  air,  first  becoming  green  and  afterwards 
yellow ;  and  by  the  addition  of  a  small  quantity  of  water  he 
obtained  a  yellow  solution,  whilst  a  cochineal-red  powder 
remained  behind,  a  substance  which  had  already  been  noticed 
by  Berzelius  and  Wohler.  In  the  solution  he  ascertained  the 
presence  of  the  potassium  salt  of  a  peculiar  acid,  and,  as  the 
acid  itself  as  well  as  many  of  its  salts  exhibited  a  yellow  colour, 
he  gave  to  it  the  name  of  croconic  acid  (from  xpoxSv,  saffron).^ 

This  subject  was  then  further  investigated  by  Liebig,  who 
stated  that  he  had  already  expressed  the  opinion  that  carbon 
monoxide  could  be  regarded  as  a  radical,  of  which  carbonic  acid 
and  oxalic  acid  were  oxidation  products,  whilst  phosgene  was  its 
chlorine  compound.  He  then  continued :  "  In  the  pursuit  of 
this  idea  I  have  arrived  at  most  remarkable  and  interesting 
results,  which  would  seem  to  prove  that  these  resemblances  are 
not  confined  to  the  compounds  just  described."  He  found  in  fact 
that  pure  carbon  dioxide  combines  with  heated  potassium,  form- 
ing a  black   mass  which   is  violently  decomposed  by  water, 

^  Pogg,  Ann,  iv.  81. 
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hydrogen  bc'ing  evolved,  together  with  some  hydrocarbon,  as  tLe 
gas  btims  with  a  strongly  ItinuDous  flame.  On  eraporating  the 
solution  he  obtained  potassium  croconate,  and  patassium  oxaUlt^, 
and  at  the  same  time  he  noticed  the  formation  uf  the  cochineal- 
red  body> 

E.  Davy  then  pointed  out  that  when  the  potassium  carbi>xiU«s 
formed  in  the  preparation  of  potassium  is  treated  with  water, 
the  hydrogen  evolved  contains  a  "new  gaseous  bicarhuret  d 
hydrogen/'  afterwards  recognized  as  acetylene,* 

At  the  same  time  Heller  examined  the  cochineal*red  sulh 
stance  and  found  it  to  be  the  potassium  salt  of  an  acid  wl 
he  termed  rkoduonic  acid  (from  poSifea,  I  colour  rose  red),  because^ 
its  salts  exhibit  a  colour  varying  from  rose-red  to  a  deep  carmine- 
red**     He  also  further  examined  croconic  acid,  and   these  two 
acids  were  then  made  the  subjects  of  investigation  by  seveml. 
other  chemists. 

By  passing  carbon  monoxide  over  warmed  potassium.  Br 
found  that  at  about  80°  arborescent  crystalline  growths 
their  appearance  on  the  metal,  the  whole  finally  forming  a  grej 
ciy stall] ne  mass.  Up  to  this  point  the  absorption  of  gas  wa 
slow,  but  after  tlris  the  action  became  violent,  and  the  grey  : 
was  transformed,  with  evolution  of  heat,  but  without  change 
form,  into  the  dark  red  compound  (COK)„,  a  substance  decora- 
posed  by  water  with  extreme  violence,  and  often  undergoing 
sudden  spontaneous  decomposition.  As  the  grey  compound 
formed  at  first  is  so  easily  decomposed,  it  has  not  been  found 
possible  to  obtain  it  in  the  pure  state ;  its  formula,  however,  is 
most  probably  (COKJ^/ 

Lerch,  who  employed  the  potassium  carboxide  obtained  in 
the  preparation  of  potassium,  found  that  this  substance  is  not 
affected  by  dry  air,  but  that  in  moist  air  it  oxidizes,  the  black 
mass  becoming  first  grey,  then  again  black,  and  passing  throut*h 
green  and  red  until  finally  it  becomes  yellow.  No  furt^her 
change  then  takes  place,  and  the  product  yields  only  croconic 
and  oxalic  acids.  If,  however,  the  black  mass  be  treated  \nth 
hydrochloric  acid,  air  being  excluded,  colourless  trihydro- 
carboxyhc  acid  is  produced : 

C,oK,oOio  +  lOHCI   =   C„H,,0„  +  lOKCL 


'  Ann*  Chem.  Pharm,  3d.  1S2. 
'  Joum,  PraH*  Cfafn.  iiL  1S^3. 


'  BriL  AitHQc.  PyejHjris,  1886,  p»  t%, 
*  Chcm.  Soc.  Journ.  xii,  209* 
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From  this  reaction  it  miglit  be  assumed  that  potassium  car- 
boxide  is  the  potassium  salt  of  this  acid.  But  as  this  acid  is 
tetrabasic,  potassium  carboxtde  must  contain  six  potassium  atoms 
combined  in  a  diifereat  maimer  to  the  reat.^ 

The  action  of  water  upon  potassium  carboxide  is  very  differ- 
ent from  tijat  of  hydrochloric  acid.  Equal  volumes  of  hydrogen 
and  acetylene  are  evolved  and  potassium  rhodizonate  is  formed 
together  with  caustic  potash.  To  explain  the  reaction  which 
takes  place  it  must  be  assumed  that  potassium  carbonate  is 
also  formed  : 


2C,^H,,0i,  +  12H,0  =  3H,  +  SCJI^ 


8K0H  4-  4C0,K,. 


2C,H,KA  + 


909  Trihydrocarhoxylic  Acid,  G^^^^Oy^,  is  best  obtained  by 
reducing  the  compound  next  to  be  described  by  means  of  zinc  and 
sulphuric  acid  or  sulphuretted  hydrogen.  That  it  may  also  be 
got  from  freshly  obtained  potassium  carboxide  has  already 
been  stated.  In  its  preparation  air  must  be  excluded.  It 
crystallizes  in  needles  possessing  a  silky  lustre,  and  dissolves 
much  more  readily  in  water  than  in  alcohol.  The  solution  ex- 
hibits an  acid  reaction.  In  the  moist  state  or  in  solution  it 
acquires  a  red  colour  by  absorption  of  oxygen,  and  this  is  also 
the  case  with  its  salts. 

Dihydrocarhoxylic  Acid,  C^^jd^^,  is  the  first  product  of 
oxidation  of  the  preceding  compound.  For  its  preparation, 
potassium  carboxide  is  decomposed  in  presence  of  air  by  means 
of  alcohol  contaiQing  hydrochloric  acid,  and  the  red  solution 
produced  is  evaporated.  It  forms  either  pure  black  crystals 
exhibiting  a  metallic  lustre,  or  thin,  transparent  yellow  trichroic 
crystals.  These  do  not  alter  on  exp>sure  in  the  air,  pro\^ded 
this  be  free  from  ammonia.  The  acid  dissolves  readily  in  hot 
water,  the  solution  exhibiting  a  red-violet  dichroism.  Its  salts 
oxidize  readily,  forming  compounds  of  the  following  acid. 

Carhoxyfic  Acid,  C^^^fi^^,  is  not  known  in  the  free  state,  as, 
when  its  salts  are  decomposed  by  acids,  it  is  converted  into 
rhodizonic  acid  by  taking  up  water : 

C„H,0„  +  2H,0-2C,H,0,. 

FotoM^inm  Carhoxylaits,  The  normal  salt,  Cj^H^Ojq,  is  red  in 
colour  and  is  obt^dned  by  the  oxidation  of  the  black  potassium 

^  Lerch,    Wiejik,  AkatL  B^r,  x1t»  [2],  721 ;  AbstTiiot,  Ann,    Chtm.  Pla 
cixiv.  20, 


dihydrocarlx)xylate.  The  monacid  salt,  C^^^HK^Oi^  forms  green 
crystals,  whilst  the  diacid  salt,  Ci^^H^K^O^^,  is  a  red  powder. 

gio  Wwdizonk  Add,  C^H^Og,  forms  hard,  colourless  crystals 
containiag  one  molecule  of  water  of  crystallization,  which  they 
lose  at  100"*,  and  theu  become  black.  The  acid  dissolves  tBadily 
in  water  and  alcohol,  and  its  aqueous  solution,  on  warming,  be- 
comes first  yellow-coloured  and  then  red.  Its  salts  have  been 
examined  by  WilL* 

Acid  Potassium  Rhmlizonate,  CgH^KgOu  +  H^O,  forms  a  soft, 
cochineal-red-coloured  powder.  It  is  difficultly  soluble  in  cold, 
but  dissolves  more  readily  in  hot  water.  Its  neutral  solution 
has  a  dark  reddish-yellow  colour,  which  changes  to  a  pale 
yellow  on  addition  of  an  alkali.  When  heated  to  between 
120**  and  150**  it  loses  its  water  of  crystallization. 

Add  Banum  Rhadizonate,  C^H^BaOg  +  H^O,  is  obtained  as 
a  beautiful  red  precipitate  by  adding  barium  chloride  to  a  solu- 
tion of  the  potassium  salt.  On  drying  it  forms  a  dark  brown 
powder,  which  acquires  under  the  buiTiisher  a  cantharidine 
lustre. 

Silver  BJwdizonate,  C^BA^g^O^,  is  formed  as  a  dark  purple-red 
precipitat-e  by  addition  of  silver  nitrate  to  a  solution  of  the 
potassium  salt,  the  latter  solution  which  was  at  first  neutral  thus 
acquiring  an  acid  reaction.  Rhodizonic  acid  is  therefore  a 
tribasic  acid,  exhibiting  a  close  analogy  to  orthophosphoric  acid. 

gii  Croconic  Acid,  CgH^^O^.  This  acid,  which  has  been 
carefully  examined  by  Will  and  Lerch,  is  formed  when  au 
alkaline  solution  of  rhodizonic  acid  is  evaporated ; 

C,H,0,  =  C,HA  +  H,0. 

At  the  same  time  oxalic  acid  is  formed  together  with  a  broim^ 
smeary  mass. 

It  crystallizes  from  water  or  alcohol  in  pale  sulphur-yellow 
grains  or  plates,  which  contain  three  molecules  of  water  and 
have  a  bitter  acid  taste.  Its  salts  have  been  examined  by 
Gmelin,  Heller,  Will,  and  Lerch. 

potassium  Crocojmte,  C^K^O^,  crystallizes  from  hot  water  in 
reddish-yellow  needles  whicli  contain  water.    These  are  but  little 
soluble  in  cold  water,  and  do  not  dissolve  in  alcohol.     In  taste  i 
it  resembles  saltpetre,  and  it  loses  its  water  of  crystaUization 
below  100**,  becoming  of  a  light  lemon-yellow  colour, 

*  Ann^  Chem,  Fhrnn,  cxviii.  187. 
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The  barium  and  calcium  salts  are  lemon-yellow  precipitates, 
whilst  the  strontium  salt  crystallizes  in  plates  which  are  readily 
soluble  in  water  and  alcohoL 

Copper  Groconate,  C5CUO5+  SH^O.  This  characteristic  salt  is 
produced  when  hot  solutions  of  potassium  croconate  and  copper 
sulphate  are  mixed  together.  On  cooling  it  separates  out  in 
small  rhombic  prisms,  the  faces  of  which  have  a  semi-metallic 
lustre  and  exhibit  a  deep  blue  reflection.  By  transmitted  light 
it  has  an  orange-brown  colour.  An  admixture  of  smaller  crystals 
also  formed  presents  the  appearance  of  a  dark  violet  powder. 
When  powdered  the  salt  has  a  lemon- yellow  colour,  and  accord- 
ing as  it  is  more  finely  powdered  it  exhibits  to  a  greater  degree 
its  peculiar  power  of  reflecting  light.^ 

Silver  Groconate,  CgAg^Og,  is  an  orange-red  powder,  which 
when  heated  decomposes  with  evolutions  of  sparks. 

Hydrocroconic  Acid,  C^H^Og,  is  produced  when  croconic  acid 
is  heated  with  hydriodic  acid,  and  if  the  product  be  poured  into 
alcoholic  potash  solution,  the  potassium  salt  is  precipitated.  If 
this  be  decomposed  with  an  acid  and  then  treated  with  alcohol- 
ether,  a  yellow  solution  of  hydrocroconic  acid  is  obtained,  and  on 
evaporation  the  acid  remains  as  a  yellowish-brown  viscid  mass, 
exhibiting  a  strong  acid  reaction. 

Potassium  Hydrocroconate,  CgHjKjO^,  crystallizes  from  hot 
water  in  red  needles,  the  faces  of  which  exhibit  a  bluish-violet 
lustre.  Its  blood-red  solution  acquires  a  yellow  colour  in  the  air, 
and  this  takes  place  quickly  in  presence  of  an  alkali,  potassium 
croconate  being  formed  together  with  a  little  potassium  oxalate. 

Barium  Hydrocroconaie,  C^HijBaOg,  is  a  beautiful  peony-red 
crystalline  precipitate,  which  is  insoluble  in  acetic,  but  dissolves 
in  hydrochloric  acid.  If  the  solution  be  warmed  barium  cro- 
conate crystallizes  out  (Lerch). 

Hydrothiocroconic  Add,  CgH^SO^  is  produced  by  the  action 
of  sulphuretted  hydrogen  on  croconic  acid.  It  forms  a  reddish- 
yellow  gum-like  mass,  which  dissolves  readily  in  water  and  has 
a  strongly  acid  reaction.  It  is  a  dibasic  acid.  The  salts  of  the 
alkali-metals  are  readily  soluble,  and  crystallize  in  gamet-red 
needles  with  bluish-green  and  violet  lustre;  the  other  salts 
form  red  precipitates.  By  the  action  of  alkalis  these  salts  are 
transformed  into  croconates  (Lerch). 

Oxycroconic  Acid,  C^HgOg,  was  obtained  by  Will  by  the  action 
of  chlorine  or  nitric  acid  on  potassium  croconate,  and  he  termed 
^  L.  Gmelin,  Ann,  Chcm,  Pharm,  xxxviL  58. 
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it  leuconic  add.  It  forms  a  gum-like,  readily  soluble  mass,  which 
when  heated  to  100°  or  treated  with  reducing  agents  again  forms 
croconic  acid.  The  acid  potassium  salt,  CgH^KO^,  is  obtained 
as  a  difficultly  soluble  precipitate  by  saturating  a  concentrated 
solution  of  the  acid  with  potassium  carbonate.  The  barium 
salt,  (0^11503)268^  is  a  yellowish-white  precipitate,  whilst  the 
silver  salt,  O^HgAgjOg,  is  a  light  yellow  precipitate  which  when 
dried  at  100°  acquires  a  greenish-yellow  colour  (Will). 

The  oxycroconates  are  easily  retransformed  into  croconates, 
especially  if  an  alkali  be  present  (Lerch). 

Nothing  is  known  as  to  the  constitution  of  the  remarkable 
compounds  which  have  been  described  in  the  four  preceding 
pages. 


TETRINIC  ACID  GROUP. 

912  The  compounds  of  this  group  were  discovered  by  E. 
Demara9ay,  who  obtained  them  by  the  action  of  bromine  on  the 
ethyl  salts  of  methylacetacetic  acid  and  its  homologues,  and  sub- 
sequent treatment  of  the  product  with  alcoholic  potash.^  The 
acids  so  obtained  exhibit  the  following  remarkable  composition : 

Tetrinic  acid,  {Cfifi^^Kfi. 
Pentinic  acid,  {0^11^0^.^1120. 
Hexinic  acid,  (CQHg02)3H20. 
Heptinic  acid,  (C^H^qO^^H^O. 

Still  more  remarkable  appears  to  be  the  composition  of  the 
salts  of  these  acids.  Thus  tetrinic  acid,  obtained  from  ethyl 
methylacetacetate,  yields  amongst  others  the  following : 

5(C,H,0.)2(NH,)20. 
5(0,H,052Ag20. 
5(C,H,02)2BaO. 
2(C,H,02)BaO,H20,  &c. 

Tetrinic  acid  would  have  the  following  constitution : — 

00—00 

I     I 

CHg— CHg* 

1  Ann,  Chim,  Phys.  [5],  xx.  433. 
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or,  including 

the  water  which  it  contains : — 

HO  — C  — 0 
CH,  CO 
CH, 

—  C  — 0 
CH-CO 

—  C  — OH 
CO,  CO 

As  these  acids  all  crystallize  well  and  are  produced  by  so  simple 
a  reaction,  the  above  formulae  do  not  appear  very  probable,  and 
consequently  the  subject  has  been  further  investigated  by 
Pawlow*  and  Fittig,  and  Schultz.*  These  chemists  find  that 
tetrinic  acid  has  the  constitution  CgH^Oj,  being  formed  from 
ethyl  monobrommethylacetacetate  by  spontaneous  decomposi- 
tion, slowly  in  the  cold  and  more  quickly  on  heating,  according 
to  the  following  equation : 

C,H,BrO.CO.OC,H5  +  ELO  =  C.H^O.CO.OH 
+  BrH  +  CjHg.OH. 

It  is,  like  its  homologues,  a  monobasic  acid,  being  most  proba- 
bly aceto-acrylic  acid,  CH3.CO.CH  =  ClLCOjH. 

From  its  hot  aqueous  solution  it  separates  on  cooling  in 
feathery  crystals,  whilst  by  spontaneous  evaporation  it  is  obtained 
in  compact  triclinic  prisms  which  melt  at  189°.  This  acid  and 
its  homologues  give  with  ferric  chloride  an  intense  red-violet 
colouration. 


THIOPHENE,  C,H,S. 

913  Victor  Meyer  observed*  that  benzene  prepared  from 
coal-tar  exhibits  properties  diflferent  from  those  of  benzene 
prepared  from  benzoic  acid,*  inasmuch  as  the  latter  does  not 
yield  a  blue  colouration  when  treated  with  isatin  and  strong 
sulphuric  acid,  whilst  the  former  gives,  under  these  conditions, 
an  intense  blue  colour.  He  likewise  noticed  that  benzene  from 
tar  ceases  to  give  this  reaction  after  it  has  been  well  shaken 
with  concentrated  sulphuric  acid.  This  singular  difierence  is 
caused,  according  to  Meyer,  by  the  existence  in  coal-tar  benzene 

*  Ber,  Deutsch,  Ckem.  Oea.  xvi.  1870.  «  Ih.  xvi.  1939. 
»  Victor  Meyer,  lb.  xv.  2898,  xvi.  1466,  1624,  2172,  2968. 

*  Or  rather  from  benzoic  acid  prepared  from  the  gum,  from  urine,  or  from 
toluol ;  the  acid  obtained  from  ben20-sulphuric  acid,  on  the  other  lumd,  gives  the 
reaction  in  question. 
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of  a  sulphur  compound,  thiophene,  C|H^S.  present,  however, 
only  in  very  small  quantities,  the  average  amount  being  about 
0'5  per  cent.,  but  occurring  in  the  purest  samples  of  commercial 
benzene. 

For  the  preparation  of  thiophene,  tar  benzene  is  shaken  up 
with  a  quantity  of  strong  sulphuric  acid  insufficient  to  dissolve 
it  entirely ;  the  sulpho-acicl  converted  into  the  lead-salt,  this 
mixed  with  sal-ammoniac,  and  the  whole  distilled. 

The  distillate,  which  consists  of  a  mixture  of  thiophene  and 
benzene,  is  subjected  to  tbe  same  treatment,  and  the  oil  then 
obtained  dried  over  calcium  chloride  and  rectified  on  the 
water-bath, 

Thiophene  is  also  obtained,  but  in  relatively  small  quantities, 
when  ethylene  or  acetylene  is  passed  through  boiling  sulphur. 
It  ia  a  colourless,  slightly  smelling,  powerfully  refracting  liquid, 
boiling  at  84^  and  having  a  specific  gravity  of  1*062. 

The  formation  of  the  characteristic  blue  colour  in  contact  with . 
isatin  and  sulphuric  acid,  with  formation  of  indophenin,  is  repre* 
sented  by  the  following  equation ; 

Thiophene  gives  the  same  blue  reaction  with  beuzoylformic 
acid,  benzil,  phenanthrenquinon,  and  other  bodies  containing  j 
the  group  COHCO, 

Bromine  acts  readily  on  theophene  with  formation,  fir^  of 
Monohromthioph^Tie,  C^HgBrS,  and  aftenvards  of  Dihrmnthurpht'ne, 
C^H^Br^S,  and  lastly  of  Tctrahromihiaphene,  C^Br^S.  The  first 
of  these  compounds  is  a  colourless  oil,  boiling  at  150'*;  the 
second  a  liquid  boiling  at  211*',  and  the  third  a  well-crystallized 
solid,  melting  at  112'^  and  boiling  at  326^  On  treatment  with 
sulphuric  acid,  thiophene  forms  a  sulpho-acid,  C^H^S.S03H,  and 
the  potassium  salt  of  this  acid  yields,  on  distillation  with  potassium 
cyanide,  Thiopkinitnl,  C^HjjS.CN.  This  compound  closely  re- 
sembles  benzonitril;  it  boils  at  the  same  point,  190^  even 
possesses  the  same  characteristic  smell  of  bitter  almonds,  and 
like  this,  it  can  be  converted  into  a  corresponding  carboxy*acid, 
C^H^S.CO.OH.  This  thiophenic  acid  melts  at  118',  that  is  3' 
below  benzoic  acid,  and  boils  without  decom]x)sition  at  SoS", 
In  other  respects  thiophene  exhibits  close  analogy  with  benzene, 
Thua  it  yields  condensation  products  with  chloral  and  methylal,i 
which  resemble  those  of  benzene.  Indeed,  the  well  known 
Friedel-Crafts  reaction   can  be  obtained  with  thiophene,   so 
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that  by  the  action  of  benzoyl  chloride  and  aluminium  chlorides 
a  body  analogous  to  benzophenone,  viz.  Tfiienyl-phenyl-ketone, 
C^HgS — CO — CgH|i,  can  be  prepared. 

This  close  analogy  between  thiophene  and  benzene  renders  it 
probable  that  both  bodies  possess  a  similar  constitution.  Thus 
thiophene  may  be  considered  as  benzene  in  which  an  acetylene- 
group,  CHIZCH,  has  been  replaced  by  an  atom  of  sulphur. 
Its  empirical  formula,  on  the  other  hand,  points  rather  to  a 
relationship  with  tetrol,  C^H^O,  and  pyrrol,  C^H^.NH,  and 
although  the  direct  connection  between  these  three  bodies  has 
not  yet  been  made  out,  their  analogous  behaviour  with  isatin 
and  sulphuric  acid  renders  such  a  connection  more  than 
probable. 

The  relations  between  benzene,  thiophene,  tetrol,  and  pyrrol 
may  be  exhibited  as  follows : 

Tetrol. 
Benzene.  (Furfuran.)  Thiophene.  PyrroL 

HC— CH     HC— CH     HC— CH    HC— CH 

//      \  ^       %  ^        \  ^        \ 

HC     CH  HC     CH  HC     CH  HC     CH 

aVd^H        \^         ^s^         \^ 
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Acajou  gum,  672 

Acetal,  67 

Acetaldehyde,  11 

Acetates  of  cellulose,  683 

Acetates  of  dextrose,  644 

Acetates  of  dulcitol,  491 

Acetoacetic  acid,  172 

Acetoacetic  ethyl  ether,  172 

Ace  to-acrylic  acid,  681 

Aceto-chlordextrose,  545 

Aceto-chlorhydrin,  866 

Aceto-chlorhydrose,  545 

Aceto-dichlorhydrin,  866 

Aceto-glyceral,  858 

Acetoglycollic  acid,  86 

Aceto-guanamine,  341 

Acetolactic  acid,  139 

Aceto-malonic  ether,  20 

Acetone,  11 

Acetonic  acid,  170 

Aceto-nitrose,  545 

Acetopyromeconic  acid,  621 

a-Acetopropionic  acid,  21 

Aceto-succmic  ether,  20 

Acetoxacetic  acid,  86 

Acetyl  acetic  ether,  178 

Acetyl  furfurin,  604 

Acetyl-furoin,  605 

Acetyl-pyrrol,  611 

Acetylene,  448,  450 ;  synthesis,  450 ; 

preparation,  452  ;    properties,   454  ; 

subfititution-products  ot,  458 
Acetylene  dibromide,  458 
Acetylene  dicarboxvlic  acid,  474 
Acetylene  dichloride,  457 
Acetylene  di-iodide,  458 
Acetylene,    haloid  ethereal    salts    of, 

457 
Acetylene,  metallic  compounds  of,  455 
Acetylene  series,  hydrocarbons  of,  448 
Acetylene  tetrabromide,  458 
Acetylene — tetracarboxylic  acid,  426 


Acetylene  tetrachloride,  457 
o-Acetylpropionic  acid,  247 
iS-Acetylpropionic  acid,  249 
Achrodextrine,  564 
Acid  ammonium  malate,  200 
Acid  ammonium  oxalate,  118 
Acid  ammonium  purpurate,  814 
Acid  ammonium  urate,  296 
Acid  barium  rhodizonate,  628 
Acid  butine  tetrasulphate,  483 
Acid  calcium  citrate,  434 
Acid  calcium  lactate,  137 
Acid  calcium  malate,  201 
Acid  calcium  tartrate,  225 
Acid  compounds  of  glycocoll,  93 
Acid  dulcitan  pentasulphate,  491 
Acid  ethyl  fumarate,  211 
Acid  ethyl  malate,  203 
Acid  ethyl  meconate,  617,  618 
Acid  ethyl  oxalate,  117 
Acid  ethyl  succinate,  188 
Acid  ethyl  tartrate,  280 
Acid  ethylene  succinate,  190 
Acid  lithium  urate,  295 
Acid  potassium  oxalate,  112 
Acid  potassium  purpurate,  315 
Acid  potassium  pyrotartrate,  254 
Acid  potassium  racemate,  235 
Acid  potassium  rhodizonate,  628 
Acid  potassium  saccharate,  596 
Acid  potassium  tartrate,  224 
Acid  potassium  urate,  295 
Acid  propenyl  disulithate,  868 
Acid  propenyl  trisulphate,  858 
Acid  radicals,  compounds  of  the, 

879 
Acid  silver  maleate,  213 
Acid  silver  purpurate,  815 
Acid  sodium  malonate,  157 
Acid  sodium  oxalate,  112 
Acid  sodium  urate,  295 
Acid  sulphates  of  mannite,  486 
Acid  tartar  emetic,  228, 
Add  tartarcux  empyreumatique^  153 
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^^^^1                Actd  imqu<;,  290 

Allyl  borate,  334                                       ^M 

^^^^1                Acicb  aUAntoiqne,  322 

Allyl  hroinide,  383                                  ^^M 

^^^^B                Aride  citmcartiquii,  444 

AUyl,  carbiiinide  compatmds  of^  399       ^^M 

^^^^H                Aeidt  pyrotartareux,  153 

Allyl  carbamine,  388                                ^M 

^^^^H                Acide  {)}Tot«n'biUqtiie,  412 

Allyl  carbimide,  SS8                               ^M 

^^^^H                Acido  oasieritrico,  3O0,  302 

Allyl  chloride,  383                                    ^H 

^^^^H                Acidum  Ituii*  t,  galaeiicum,  183 

Allyl  compoaads,  381                            ^H 

^^^^1               Acids  deri  Ycd  from  poUasium  carbozide. 

Allyl  cyAnamide,  395                              ^B 

^^H                   e25 

Allyl  cywiformate,  385                            ^^ 

^^^^H                Acid*  having  compoaition  CeHjoO*.  124 
^^^^H                Adds  having  the  composition  C^  Hg  0^, 

Allyl,  cyanogen  compoacds  of,  S88  1 
Allyl  diethyl  corbinol,  417                       ^i 

^^H 

Allyl  di-isopFopyl  carbinol,  417              ^^| 

^^^H               AcidA  of  the  aeries  C«Hte^O,,  474 

Allyl  dipropyl  carbinol,  417                     ^^M 

^^^^H                 Aconic  acid,  44(( 

Allyl  dithiocarbamic  add,  395                ^^M 

^^^^B                Aconitic  acid,  437 

Allyl,  ethereal  Baits  of,  333                      ^M 

^^^H                Acraldehyde,  403 

Allyl  ethers,  333                                       ^M 

^^^^H                 Acrolein »  396 

Allvl  formate,  384                                    ^H 

^^^^H                 Acroliilii  icctal,  399 

Alfyl  hydrosulphide,  336                       ^M 

^^^^H                 Acrolein  ammonia,  3 {^8 

Allyl  iodide,  383                                        ^M 

^^^^H                 Acrolein  hydrochloride,  307 

Allyl  isocyanate,  38S                                 ^H 

^^^^H                Acropinacone,  39 S 
^^H                Acryl  colloidii,  402 

Allyl  mercury  hydroxide,  381                 ^H 

Allyl  mercury  iodide,  384                       ^H 

^^^^B                 Acryl  compounds,  396 

Allvl  methyl  propyl  carbinol^  417          ^^| 

^^^H                  Acr}lald^}ivde,  396 

Allyl  nitrate,  384                                     ^H 

^^^B                 Acrylic  acid,  379,  Zm,  401  ;    subatitu- 

Allyl,  nitrogen  baseii  of,  387                   ^^| 

^^^^H                    tion-proddctA  of,  401 

Allyl  oxahte.  385                                     ^H 

^^^H                Adfpic  add,  20,  23,  267  ;  subatitntkin- 

Allyl  oxide.  383                                       ^H 

^^^^H                     products  of,  269 
^^^^H                 Adipomalic  acid,  269 

Allyl  BUluhide,  386  ^M 
AHyl,  sulphur  conipoundfl  of*  ZB9         ^^M 

^^^^B                  Agedoile,  204 
^^^H                 Alacre^Uine,  143,  144 

Allyl  tbiocarbimide,  389                         ^^M 

Allyl  tbioGvanste,  389                            ^H 

^^^^B               AlAcre&tinine,  144 

Allyl-thio-tirea,  394                              ^M 

^^^H                 AlanLn,  142 

Allyl  urea,  393                                          ^H 

^^^^H                Atcohob  having  formtila  C.HijO,  411 
^^^H                 AlcohoU  of  the  series  C^iHte^O,  471 

AUylamine,  387                                        ^H 

Allylenc,  459                                            ^H 

^^^^H                Alcohols  of  htfjcstomtc  radicals,  483 

Allylene  dibromide,  401                         ^^H 

^^^^H                 Alcohols  of  tetratomic  radicals,  4S1 

AUylcne,  dModide,  462                            ^^ 

^^^^H                 Aldehyde -ammonia,  74 

Allylene,    haloid   ethereal    salta    of,           1 

^^^^1                 Aldehyde  Imses,  75 

461                                                                1 

^^^H                 Aldaiyde-etht^r,  403 

AUylene,  metallic  compounds  df,  460            1 

^^^^1                  Aklehydea  of  oxalic  acid,  101 

AUykiie  tetrahromide,  461                             J 

^^^^H                Aldines,  75 

Allylene  tetrachloride,  461  ^H 
AltMine,  204                                            ^H 

^^^H                Aldol, 

^^^^H                 Aldol  •ammonia,  169 

Amalic  acid,  337                                         ^^H 

^^^H                  Allantoic  acid,  290,  323 

Amber  oil,  182                                           ^^M 

^^^H                Alkutoin,  299,  322 

Amenyl'Valedc  acid,  418                         ^^M 

^^^H                Alkntom  group,  322 
^^^H                 Alluntnric  acid,  299.  324 

Amethenic  acid,  284                               ^^M 

Amides  of  the  oxy acids,  18                     ^^H 

^^^B                 Allene,  462 

Amidisetbionic  acid,  55                          ^^H 

^^^H                  Allidene,  399 

Amido-aceiamide,  18                               ^^H 

^^^^B                 Allidene  comx>ound9,  399 

Amidacetic  add,  17,  192                          ^^M 

^^^^H                 Allidene  chlorethylatc,  309 

Amido  adds,  17                                         ^^M 

^^^^H                 Allidene  diacetatti,  399 

Amido^barbituric  acid,  29S                      ^^M 

^^^^H                 Allidene  diohlDrldi',  399 

Amido-compoundfi  of  glycoty],  91           ^^U 

^^^^H                Allidene  diethyl  etber,  399 

AmJdo-com  pounds  of  lac  ty  1 ,  142  ^^M 
Amido-cooipounds  of  malic  acid,  204          1 

^^H                 Alloxan,  291,  293,  298,  300,  911 

^^^^H                  Alloxan  group,  299 

Amido-c^mpounda  of  oxalyl,  118                   J 

^^^B                 Alloxanic  ucid,  298,  302 

Ajuido-caifeine,  336                                    ^^M 

^^^H                 Atloiantin,  304,  305,  311 

Amido-caproic  acid,  261                           ^^| 

^^^1                Allyl,  381 

Amido-curaenic  acid,  619                        ^^M 

^^^H                 AUyl  acetate,  385, 

^^^H                 ^yiyl-Acetic  acid,  410 

Amido-glutanic  acid,  251                          ^^f 

^^^H                  AUyl -acetone,  411 

Amido-glycerol,  377                                 ^^M 

^^^^^          Allyl  alcohol,  381 

Amidoglyoolamide,  94                            ^^B 
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Amidi>'isocaproiG  acid,  261 
Amiilom&lonk  add,  159 
Amidfx-ninlotiyl-Droa,  SO  7 
Anudf^BflxalactArnide,  H9 
B-'Ainiaopentoic  iM^idi  2iS 
S'Amidoi propionic  adtl|  1^2 
fl-Amidoprf)pionic  aejd,  153 
AniifIopro[iicmitrO,  144 
Aiiiidi>iiyT*)Tiu^(Xrtiiu  ncid,  622 
j3^AmlaoTal«ric  acid^  246 
Aniido«ncciiiiimic  acid,  204 
Amidosucelnic  acid*  205 
AmiduBuccinurie  *fid,  321 
o-Amirlovfllmc  iLcid^  245 
Ammoniuiij  adiptf»,  2*^9 
Aroinoniiim  di-isi^thifliuite,  67 
Ammonium  iasthioiiAte,  fi4 
Ammoniam  mesoxalate,  161 
Ammonium  salt,  74 
AmmoDium  succinate,  186 
Ammonium  sucrate,  525 
Amtuonium  Urtrvl  arsenite,  228 
A  my  I  angtdate,  403 
Amyldemidehydi?^  417 
Amy Idecatoic  acid ,  417 
Amyl  diethyl-oxyacetate,  266 
Amy]  ether,  181 
Amyl-ffuanaminc,  342 
Amyl-hydroxalic  acid,  272 
Amy]  oxalate,  117 
Ajiiyl  tiglate.  408 
Amylene,  2ir>,  288 
Amylene  bromide,  243 
Amylene  chloride,  243 
Amylene  chlorhydrate,  243 
Amylene  glycol,  9,  243 
Amylene  nitrite,  243 
Amylene  nitrosochloride,  244 
Amylene  oxide,  243 
Ainylethyl  act*  tact  t«.tc,  267 
Amylodextriiie,  5&5 
Amylnid,  5 "6 
Amyloses,  the,  554 
Amylum,  554 
Amyl  am,  nietalMD  cott  pounds  of,  561 ; 

ethereal  mdts  of,   561  ;  nitrates  of, 

561 
Anchoic  acid,  287 
Aii|5<?lic  Roid,  407,  410 
Aohydrides  of  tartiiric  acid,  232 
AntiTiiony  potassium  oxalate,  115 
Antimony  sodium  oxalate,  115 
Antimony  tartrate,  228 
Atitimonj  tartrat^fi,  226 
Apocarteine,  336 
Aposorbic  acid,  650 
Arabic  Acid,  56^ 
Ambin,  569 
Arabiiiose,  54  $ 
Argientacetyl  oxide^  457 
Argeatooii  citrat^^  435 
AiTOwroot,  5Se ;  granules,  557 
Aimiic  bftses  of  ethylene,  67 
Asparagine,  204 


Aspartic  acid,  205 
Assamar,  566 
Azelaic  acid,  267,  287 
a-Azelaic  acid,  23,  288 
Azulmic  acid,  300 


B. 


Bankunb  oil,  480 

Barbituric  acid,  298,  306 

Barium  bejthexone  sulphate,  486 

Barium  hydrocnjcajiate,  6Si0 

Barium  ist'thioaattf,  51 

Barium  malt^iitc.  212 

Barium  maloiiFite>  157 

Barium  mesoxalate,  161 

Barium  oJeate,  421 

Barium  propenyl  trisnlphonate,  374 

Bai-ium  salt,  328 

Barium  succinate,  187 

Barium  sucrate,  527 

Barium  violurate,  309 

BiuiLo  st>ilium  lactate,  137 

Basjib  fat,  369 

Bassora  gum,  572 

Bassorin,  572 

Beef  suet,  369 

Beet-root  sugar,  504 

Behenolic  acid,  477 

Benylene,  470 

Benzene,  633 

Benzone,  162 

Betaine,  95 

Bilineurine,  64 

Blfiarburet  of  hydrogen,  162 

Blboching  of  cotton,  539 

Boletic  acid,  209 

Borate  of  ethylene,  49 

Bomemt<?,  553 

U(-ron  tart  Hi  t*^,  228 

Bra^ic  aeid,  23 

Brass  id  ic  acid,  424 

Brasaylic  acid,  289 

Brltiiib  g^im,  565 

Bfomacetyi  cyanide,  159 

BromacryLic  acid,  377 

O"  Broumcrylic  acid^  402 

0  Bromacrylic  arid^  402 

Bromalidt'S,  148 

^'Bromallyl  akohol,  385 

fl  ■  B  ro  mally  1  e  t  li  er,  Sfi  5 

o-Bromallvl  ethyl  tither,  385 

^-Bromally Initiate,  385 

BromciilTeiD,  336 

Bromcomenie  acid,  619 

Bromethyk-ne,  4i8 

Brqmt2  thy  I-  trie  thy  1  -  arsonium  bromide, 
67 

Bforaethyl  - trietby  I .  phospb  onium  bro- 
mide, 66 

Bromfumaric  acid,  214,  217 

Brominated  valeric  acids,  408 

Bromisobutylene,  165 
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^^^^H             Bromhexylene,  258 

Calcium  glycol  late,  84                                 ^H 

^^^^B            Broinhydro-ethyl-crotnnie  iicid,  414 

Calcium  glyoxyUte,  104  ^H 
Calcium  hydmcrylatc,  151                           ^H 

^^^H             Brommuleic  ncid,  214,  217 

^^^^H             BromraiLleic  anhydride,  214 

Calcium  hydroAorbate,  415                          ^^B 

^^^^1             Brom-mcUiyl-ethyleue*  414 

Calcium  ifloauccinatc,  197                             ^^B 

^^^^H             Bromoxylbi-omoomenic  acid.  620 

Calcium  lactate,  137                                      ^H 

^^^^1             B'Brompropionic  ncid,  14,  20»  141 

Calcium  lactonate,  549                                 ^H 

^^^^1             3-Brotu[)iTi|»ionic  acid,  152 

Ciilcium  Iffivolinate,  250                             ^H 

^^^^l             a-Bmmproi»y]en«!,  132 

Calcium  malcmate,  157                              ^^B 

^^^^H              iS-BrotTi  propylene,  1S2 

Calcium  meaotartrate,  239                          ^H 

^^^^H             o-Bmmraleric  acid,  244 

Calcium  oxalate,  113                                   ^^B 

^^^^H             BrompYTOiTiecaniG  acid,  621 
^^^^H             Bnckwbcat-gtarch  graniilefi,  659 

Calcium  paralactate,  149                              ^^B 

Calcium  pyruvate,  155                                ^^B 

^^^^H              ButalanLDC,  245 

Calcium  nicemate,  235                                 ^^B 

^^^B             BuUllyl-methyl  cnrbiiiot,  411 

Calcium  salt,  408                                            ^M 

^^^^H             But^uyl  alcohol,  377 

Calcium  succinate,  187                                  ^^B 

^^^^B             Btitffnyl  dibromhydrin,  378 

Calcium  sn  crates,  525                                  ^^^B 

^^^H             BateQyi-gyccroI,  378 

Calcium  Urtrate,  225                                  ^^H 

^^^B              Butine,  463,  482 

Calcium  tiglat«,  410                                     ^1 

^^^^H              Btitinc  compniinda,  462 
^^^H              Butine,  dicbiorhydrate,  4S2 

CalK  saccharata,  113                                          1 

Cane-sugar,    496 ;    an«lyaii  of«     519  :            1 

^^^H              Butine  glycol,  4S2 

adulterationa  of,  520  ;  piop«itles  af,             1 

^^^^B              Butine  tetrabromide,  463 

622                                                            1 

^^^H             Butine  t£trachlc»-ide,  463 

Caprylidene,  470                                        ^H 

^^^H             Butine  tetnmitrate,  483 

Caprylene,  275                                            ^H 

^^^H             Butter,  M9 

CarballyUc  acid.  428                                     " 

^^^m             Butyl  chlomi,  166 

Carbamide  compound  a  of  idlyl,  393 

^^^H             Butyl  chloral  bydrnte,  167 

Carbamide    compounda    of   glycolyl. 

^^^H              Butyl-ethylene,  257 

96 

^^^H              Butyleue,'lb3 

Carbamide  compounds  of  oxalic  acldt 

^^^H              a-Butylene,  163 

122 

^^^H              i3-Butyleue,  163 

Carbamide  and  guanidine  eompoQiids 

^^^^B              a-Butylene  bromide,  163 

of  lactyl,  143 

^^^^B              ^-Batylene  bromide,  164 

Carboliydrat<^  494  ;    tba  suipur  gromii, 

^^^^B              Butylene  c<)iTifiouiid8»  162 

494  f  the  amyloee  group,  4^                  ^ 

^^^^H               Bntylene  glycol^  9 

Carbon  compom)d<i  contaiuing  ten  to    ^^B 

^^^^B              a- Bntylene  glycol,  163 

fifteen  atom  a,  417                                    ^H 

^^^1             /3.BuCylene  glycol,  164,  168 

Carbopyrrolamide,  610,  615                      ^^B 

^^^^B             7>Buty)ene  Rlycol,  164 
^^^H              Butyr^ne,  162 

CarbopVrrolic  acid,  610,  615                      ^^B 

Carbothi^ldine,  76                                       ^H 

^^^H              Bnt>Tina,  366 

Carboxytic  acid,  627                                   ^H 

^^^^B             But}Tofuronic  acid,  613 

Carburetted  hydrogen,  light  and  heavy,  ^H 
Curbyl  sulphate,  53»  56                              ^M 

^^^^H 

Camme,  329                                                 ^H 

Cellulose,  574                                                 ^H 

^^^^^^       CArrErniNE  sulphate,  338 

Cellulose,  acetates  of,  583                             ^M 

^^^H              Catleuline,  33S.  340 

Cellulos»e  diBitr^ite,  581                                ^M 

^^^H              Caffeine,  3^1,  332,  339 

Cellulose^  e thereat  saltd  of,  5 7 7  ;ui trai»   .^^| 

^^^H               C&fTeine  aci^tate,  334 

^M 

^^^H              Caffeine  snlpliAtep  334 

Celluloae,  technical  OBea  of,  585               ^^B 

^^^^B               Caffeine,  test  for,  338 

CeraaiuoBe,  549                                           ^^^B 

^^^1              CaffoUn,  337,  340 

Ceraain,  570                                              ^H 

^^^H              Caffuric  a<7id,  337,  840 

Ceroteoe,  286                                         ^M 

^^^^B               Calcium  acetogly collate,  36 

Cerylene,  286                                          ^M 

^^^^B               Calcium  af.'et^lide,  455 

Ceiene,  285                                                 ^H 

^^^^B               Calcium  aconitate,   439 

Cetenylene,  470                                        ^H 

^^^^B               Calcium  acrykte,  401 

Cetylene,  285                                             ^H 

^^^^B               Culcium  augelate,  408,  409 

Cetylene  chlorhydrin,  285                         ^H 

^^^^B              Calcium  diglycolkt«,  S3 

Cetylene  dibromide,  285                            ^H 

^^^H              Calcium  dibctAte,  137 

Cetylene  odde,  285                                     ^^B 

^^^^B              Calcined  farina,  565 

Chelidonic  acid,  624                                    ^^H 

^^^^B              Calcium  giuconatef  543 

Chelidonamic  acid,  624                               ^^B 

^^^^B             Calcium  gtycemte,  376 

Chinei^e  wood  oil,  480                                ^^M 

INDEX. 
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a-Chloriicrylic  acid,  401 
iS-Chloracrylic  acid,  401 
Chloiacetic  acid,  5 
Chloral  alcoholate,  78 
Chloral-ammonia,  80 
Chloral  hydrate,  14,  38,  78 
ChloraUde,  147 
a-Chlorallyi  acetate,  S85 
iB-Chlorallyl  acetate,  885 
/8-ChloraUyl  chloride,  462 
a-Chlorallyl  ethyl  ether,  385 
i3-Chlorallyl  ethyl  ether,  885 
Chlorallylthlocarbimide,  391 
/3-Chlorbutyraldehyde,  404 
3-Chlorbutyric  acid,  404 
Chlorcaffeine.  336 
Chlorcitramalic  acid,  444 
Chlorcitric  acid,  438 
Chlorcomenic  acid,  619 
a-Chlorcrotonic  acid,  405 
/3-Chlorcrotonic  acid,  406 
Chlordiethylin.  352 
Chlordimethylmethylene  chloride, 

856 
Chlorethylene  dithiodichloride,  53 
Chlorethyl-triethyl-phosphoxdum 

chloride,  66 
Chlorhydrin,  353 
Chlorhydrin  sulphonic  acid,  874 
Chlorhydrinimide,  375 
Chlorine  substitution-products    of 

ethylene,  41 
Chlonsethionic  acid,  55 
Chlorisocrotonic  acid,  406 
Chlorisopropyl  alcohol,  128 
Chloritamauc  acid,  442 
Chlormaleic  acid,  223 
Chlormaleyl  chloride,  223 
Chlormesamalic  acid,  444 
Chlormonacetin,  866 
Chlormnconic  acid,  599 
Chloroxalethyline,  119 
/3-Chlorpropidene  chloride,  898 
a-Chlorpropionic  acid,  140 
/3-Chlorpropionic  acid,  152,  401,  405, 

397 
o-Chlorpropionyl  chloride,  140 
a-Chlortetrabromethane,  459 
Chlortetracrj'lic  acid,  406 
Chlorsuberancarboxylic  acid,  281 
Cholestrophane,  318,  335 
Choline,  63,  64 
Cimicic  acid,  418 
CitrabrompyrotartAric  acid,  443 
Citrachlorpyrotartaric  acid,  443 
Citraconic  acid,  439,  443 
Citraconic  anhydride,  443 
Citradibromp}Totartaric  acid,  444 
Citramalic  acid,  443 
Citratartaric  acid,  444 
Citrates,  the,  433 
Citric  acid,  430 
Citric  acid  ethereal  salts,  436 
Citric  acid,  reactions  of,  435 


Citridic  acid,  438 

Coco-nut  oil,  369 

Caesium  tartrate,  225 

Collodion,  581 

Comenamic  acid,  619 

Comenamide,  619 

Comenates,  618 

Comenic  acid,  618 

Compounds  containing  ten  to  fifteen 
atoms  of  carbon,  417^ 

Compounds  containing' diatomic  or  di- 
Talent  radials,  3 

Compounds  of  hexad  alcohol  radicals, 
484 

Compounds  of  the  monad-alcohol  radi- 
caU,  CnHja-i,  and  of  the  acid  radi- 
cals, CnHn-«0,  379 

Compounds  of  sugar  and  salt,  529 

Compounds  of  tetrad  alcohol  radicals, 
481 

Compounds  of  trivalent  or  triad  radi- 
cal, 343 

Copper  acetylide,  459 

Copper  amidocaproate,  263 

Copper  croconate,  629 

Copper  glycoUate,  84 

Copper  leucate,  261 

Copper  pyruvate,  155 

Copper  tartrate,  226 

Cork  or  cuticular  substances,  585 

Cotton,  586  ;  bleaching,  589 

Cotton-wool,  585 

Creatine,  98,  144 

Creatinine,  99  ;  salts,  100 

Creatinine  zinc  chloride,  100 

Crtmor  tartari  aolubilis,  229 

Croconic  acid,  625, 628 

Crotaconic  acid,  446 

Croton  chloral,  166 

Crotonaldehyde,  403 

a-Crotonaldehyde,  403 

Crotonic  acid.  379,  403 

a-Crotonic  acid,  404 

/5- Crotonic  acid,  405 

Crotonitril,  404 

Crotonylene,  462 

Crotonylene  tetra-bromide,  463 

Crotyl  alcohol,  402 

Crotyl  compounds,  402 

Crotyl  iodide,  402 

Cuproso-acetyl  chloride,  456 

Cuproso  acetyl  hydroxide,  456 

Cuproso-acetyl  oxide,  456 

Cuprous  acetylide,  455 

Cuprous  allyude,  460 

Cuprous  dipropinyl,  467 

Cyanacetic  acid,  158 

Cyanacetj'l  bromide,  159 

Cyancarbionic  acid,  122 

Cyanformic  acid,  122 

Cyanogen,  122,  123 

Cyanogen  compounds  of  allyl,  888 

o-Cyanpropionic  acid,  20 

i3-Cyanpropionic  acid,  195,  197 
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^^^^t 

^'Dtbrompropionic  arirl,  377,  401                    1 

Dibrotn propyl  alcohol,  357                           ^J 

^           DAKALrBicadd,  415 

Dibrompyromttcic  acid,  608                        ^^1 

^^^H            DumoUe  acid,  416 

Dibromsuccinic  acid,  196,  217                   ^H 

^^^H            Bftmboae,  55^ 

Dibnmuiuccinyl  chloride,  210                    ^^^M 

^^^^H            Dftmbo«e  dimethyl  ether,  553 

Dibromthiophene,  632                                 ^H 

^^^H            Dambose  methyl  ether,  &53 

DibromuQdecylic  acid.  416                        ^^M 

^^^H            DftDibosite,  553 

Dicalcium  micrate,  526                                ^H 

^^^1            BwAtyleoe,  2S5 

Dic^hloraoetal,  69                                            ^H 

^^^^H             Decenylene,  470 

Dichlorlactic  acid,  146                                ^^M 

^^^^H             Dehyikac<!tic  acid^  176 

o-Dichlora*!f'tin,  M*\                                    ^^M 

^^^^H             D^hydromucic  acid,  (^00 

JB-Dichlo!                                                        ^H 

^^^H             Dcaoxalic  acid,  427 

a-DichluL                     ,401                            ^^H 

^^^^H             Desoxy^lutaiuo  acid,  251 

^-Dichlor:v^!:viJ     »-  id,  402                          ^H 

^^^^H            Dctotiatiiig  chloride  of  platinum,  32 

DieMorethane,  70                                          ^^M 

^^^H            Dextran,  671 

Dichlortthyl  chloride,  71                            ^^M 

^^H            Dextrine,  563 

Dichlorethyktie,  42                                         ^M 

^^^H            Dextrines,  the,  5^3 

Dicbiarvtbvlene  dlchloride^  42                   ^H 

^^^^H            Dexiro-rotary  tartaric  acid,  221 

a-Dichlorglycide,  356                                   ^^| 

^^^H             Dextroa«,  537 

^  Dii-hlorglycide,  356                                 ^H 

^^^H            Dextrose*    ethereal    compounda    of. 

Dichlorhydrin,  353                                       ^^M 

^^H                 544 

a-Dir^hloiinounintno,  362                            ^^| 

^^^^H            Dextrose,  metallio  comiiotinds  of,  543 
^^^^1             Dextrose  suliihnric  acta,  544 

^.Dichlornitriu,  303                                    ^H 

Dicldi)roxyistibutyiomtril,  432                   ^H 

^^^B             Dialmamide,  307,  3U 

a«DiihloriJropiouic  acid,  156                       ^H 

^^^1             Diacetin,  365 

^-Dicblorpropionic  acid,  377  ^H 
Dicyanoxyisoliutyric  acid,  432                   ^H 

^^^H            DiacetochlorhydriB,  366 

^^^^H             DiacetoHlextrose,  544 

Dieibidene-iaiiiiioniam   tlacM::&rbftniiitc^    ^^ 

^^^^H             DiacetoiBGemic  anhydxide,  235 

76                                                                  1 

^^^H            Diaoeto-fluccijiic  ether,  179 

Diethoxyhydroxvoatftnue,  836                    ^J 

^^^H             Diuseto-tartaric  acid,  232 

DLethyi-acctoue,*l72,  173                             ^H 

^^^H           DiAcid  potasBitim  citrat«t  433 

Diethyl-acetone  acetic  ether^  172            ^H 

^^H             Dialdan,  16f» 

Diethyl  allylatnine,  388                               ^H 

^^^^H             Dial  dame  add,  169 

Diethyl  carbonate  of  ethyl,  173                 ^H 

^^^H             Diallyl,  449,  465 

Diethyl  carbopyrrolaniide,  611,  615          ^^ 

^^^^H             Dial lyl-ace tic  acid,  476 

rJiethYl-dimetiivl-ethvlcne   glycoU  277           1 

^^^^B             Dinllyl  acetone,  476 

Dkthyl  ethtT,  172     "                                 _^M 

^^^H              Diallyl  CArbiaol,  473 

Diethyl-ethylf-ne,  257                                 ^H 

^^^H             Diiillyl  ether,  383 

DiL^hyl-ethyletie  ketone,  191                     ^H 

^^^^H              Diallyl'tiialoiuc  acid,  476 

Dioth^d-ethylpijekctic  acid,  272              ^^M 

^^^^H              Diallyl-oxalic  acid,  476 

DiethybglyiocoU.  94                                     ^^M 

^^^^H             Diallyl-oxyacetie  acid,  476 

Diethyl  ^^lyoxvlie  acid,  105  ^^| 
Diethyl  lactate,  16                                        ^H 

^^^H            Diallyl  im^,  31>3 

^^^M             Diallyiene,  iM 

Difthyl-rD«4livl-t^thyl<^ne,  271                    ^H 

^^^H              Dialuric  acid,  298,  303 

DfithyKoxidic  acid,  2i\5                              ^H 

^^^^H             DiamidohydriD,  374 

Dielliyt  oxumic  acid,  121                             ^^H 

^^^^B             Diamyl'oxallc  acid,  236 

Diethyl  oxamide,  118                                   ^^M 

^^^H             Diamylene.  240,  283 

Diethyboxyacetic  acid,  265                       ^^M 

^^^H             Diaatojie,  563 

Diethyl-oxybutpac  acid,  278                    ^^M 

^^^^H              Diaethohydroxvcaireine,  3^9 

Diethyl  auccinyl,  191                                  ^^M 

^^^H              Dibaaicadds,  251,  273,  287,  595 

Diethylcne  idcohol,  37                                 ^H 

^^^^1             Dibasic    acids  of    the    oxtiUc    seHeH, 

Diethyletie  diamine,  61                               ^^| 

^^^H 

DietbyleDC- diamine,  58                               ^^H 

^^^H             Dlbromacr}die  aoid,  402 

DietbykDe-dielhyl  dinmine,  61                 ^^^1 

^^^^H              Dibromadipic  acid,  GOO 
^^^^H              Dibromharlitttiriti  acidj  311 

Diethylene  dioxide,  36                               ^^M 

DielhyLne  di«ulj^hide,  52                           ^^M 

^^^^H             Dibromfuril,  C05 

Diethylenc-triamine,  5P,  61                      ^^M 

^^^^1             Dibromhcxijie,  406 

Diethyl -makmic  acid,  274                           ^^M 

^^^^H             DibroDihexiDe  tutrabromide,  466 

Diethyl  projK'nyl  ether,  352                      ^^M 

^^^^H             Dibrom  hydro-ethyl-crotnnic  acid,    114 

Difoniuti,  lit) 5                                               ^^H 

^^^^H             Dihrotiiisocaproic  acid,  413 

Diglucosc,  540                                               ^^H 

^^^^B             Dibronilactic  acid,  14S 

Diglycolamide,  18                                        ^^| 

^^^^H             Dibrom-malomc  acid,  159 

Diglyeolamidic  acid,  IS                              ^^M 

^^^^1             o-Dihrom  propionic  acid,  156 

Diglyccroi^  351                                           ^H 

Difflycttllic  acid,  87 
Dihydric  ammonium  diliturate,  SlO 
Dikydroxyl  oxamide,  121 
Diliydrocarboixylio  acid,  627 
DirhervleDe,  284 
Di*iB«thionic  acid*  57 
Di'iaobalykne.  270 
Di-iBopropyl-t'thvlene,  277 
Di-i*opropvl'QXftUc  acid,  278 
I'ilfiL^tamiiiic  acid»  145 
IHlituric  acid,  309 
Biraethjl  acet«l»  70 
Dimethyl-acrj'b'c  arid,  411 
Ditnetliyl-ttUyl  carbinol,  411 
Dimethyl-tiai  bituric  add,  806,  507 
Dimethyl-citric  lu'id,  436 
DimethylHlioxysuoriiiic  ii<  id,  270 
Diiuethyl-iiioallyl  eiubiiioli  412 
Dime  thy  l-isoallyleac,  449 
I>imethyl-isoT*rojiyl-ethyli*ne,  271 
Din  I  ethyl' ma  Ionic  acid,  25tS 
Dirrn'thyl-malonyl  urt-a,  SO  7 
Dim«thyl.  in  ethyl  cue  bromide,  132 
Dimethyl-DicsthVleDe  chloride,  13,  181, 

133 
DiniL'thyl-methyhiiie  comwundg,  131 
Dimethyl -methylene  iodiur,  460 
Dimethyl-methykiw  oxide,  11 
Dimethyl  oxalic  acid,  170 
Dimethyl-parabanicftcid,  318 
Di  Luethybpaeudobutyb^thylenc,  27  6 
Dimethyl  tnccimc  acid,  20 
d-DiinethybHuccinic  VLcid,  269 
^•Dimethyl'Siucitiic  acid,  26& 
Dime  til  yl' tartaric  acid,  1270 
Dimethyl  thetine,  S9 
Dimethyl  tlietinc  bromide,  89 
Dimethyl- thiopambanie  acid,  318 
Dimethyl  nric  acid,  2i*7 
Dimonochl  orally  I  amine,  383 
Dinitro»octylene,  270 
Dioitroxy tartaric  acid,  231 
DioctTl*maloiiio  acid,  239 
Diolein,  421 
Di*)Xalet byline  llf> 
Diuxyetiiylamine,  63 
Dioxyethylammoninm  chloride,  63 
DioxycthenyltTirflrtioxylic  acid,  427 
D 10 xy propionic  arid»  8*75 
DioxvBUccinic  acid,  217 
Dipiiimitin,  367 
nipropargjl^  406 
Dipropinyi,  4«ft 
Dipropinyl  mrtobromidc,  407 
Dipn>|ienyl  aocHnm  manganite,  360 
Bipropylbntine,  470 
P-Diprcpyl-ethylene-lactic  acid,  285 
Dipropyl-oxalic  acid,  278 
Di[»yrot«trncetone,  222 
Diaacryl,  397 

Diaodacetoiiate  of  ethyU  178 
I>Uodi(itn  ethylenati',  35 
Dwodium  propenylate,  349 
Diateariu,  367 


Diatearyl  lecithin,  370 

Di5tear}'l|[?lyccTol  phosphoric  acid,  371 

Di^iulphetholic  acid,  57 

Disalphhydrin,  373 

Ditartaric  acid,  233  | 

Ditetryl,  162 

DithioglycalUc  acid,  83 

DodeL^atyleue,  285 

Doe^Iic  acid,  423 

Drying  oils,  478 

Diikine,  489 

I)nlcn«e,  489 

Dulcitan,  490 

Dukitan  hromhydrin,  490 

Dulcitan  chlorhydria,  490 

Dnlcitaniiiie,  li^O 

Duleitol  diohlorhydrin,  490 

Diilcite,   489 

Dulcitol,  489 

Diilcitol  dibrotnhydrin,  490 

Dutch  liquid,  39 ;    appiaratus  med  in 

formation  of,  40 ; 
Dyad  alcohol  mdicala,  3 
Dyad  radicaU,  ethereal  salts  of  the, 

13 
Dynamite,  361 


ElROSYLEKE,  470 
Elailiii,  422 
Elaidio  acid,  422 
Elayl,  28 
Elcelic  acid,  478 
Eloiococca  vemicia,  478 
Elceomar^aric  acid,  478 
ElfjRiiatearic  acid,  478 
Epicyanhydria,  355 
Epichlorhy drill,  354 
0-  Epid ibromhyd  riii,  357 
o-Epidichlorhydriti,  866 
0*  E pi  di c hlorhy dri n,  35tJ 
Epihydrin  carboiyUc  add,  855 
Emcic  aciil,  423 
Eracidlc  acid,  424 
Erythrin,  481 
Erythrittf,  481 
Erythritic  acid.  482 
En  throdcx trine,  564 
o-Erythrodextrine,  684 
^-Ei^'throdcxtrine,  5ffi 
Krythrof^luein,  481 
Erythrnl  dibromhydrin,  488 
Erythrol  dichlorhydrin,  483 
Erythrol  tetrasulphtiric  add,  483 
Erythromannite,  481 
Esparto-grass  in  paper  making,  591 
Etnenyl  tricarboxylic  acid,  425 
Ethereal  compounds  of  dextrose,  544 
Etbereal  compounds  of  milk-sD<^r,  538 
Ethereal    com  pounds    of    saccharossi, 

529 
Etheral  salts  of  aUyl,  383 
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^^^H          ECheraal  sidU  of  acn^lic  acid,  401 

Ethv                           i62                            ^H 

^^^B          E^kerad  mIU  of  amyium,  561 

EtiiVi                                                   ^^M 

^^^B          Etfatereal  udU  of  c«Utilo«e,  577 

Etbyi  adipftte,  m»                                 ^^^M 

^^^H          Ethereal  aalU  of  citric  acid,  436 

Kthvl-allrl-aisetacetate,  411                ^^^B 

^^^H          Ethtsreal  salts  of   the  dyad  radicalap 

Ethvl  airyiaminc,  388                           ^^^H 

^^H 

Eth jl  aUyl  ether,  383                                   ^B 

^^^■^  Ethereal  salte  of  ethylene^  38 

^^^^B-Ethareol  salti  of  kctic  acid.  138 

Etbyl  dnminiiim  acetaoetate^  179              ^H 

^^^^^■Bthereal  aalU  of  oxalic  acid,  116 

Ethyl  amido-acetaoetate,  180               ^^^M 

^^^^^B  Ethenal  salta  of  propeoyl,  353 

Ethyl  amido-acetate,  93                       l^^^^l 

^^^^B^B  Ethereal  aalta  of  racemic  add,  235 

Ethyl-amyl^xalie  add,.  286                 ^^^^H 

^         Ethereal  salta  of  succinic  acid,  188 

a- Ethylbrom  propionate,  141               ^^^^^H 

^^^B          Ethereal  salts  of  tartaric  add,  230 

Ethyl  butv^te,  174                             ^^^^B 

^^^H          Ethereal  aalts  and  ethers  ofethidene, 

Ethyl-cafiVridine,  339                             ^^^H 

^^H 

Ethyl  carbonate  of  ethyl,  1 7S             ^^^^B 

^^H           Etherin.  285 

^^^H            Etherol,  2S5 

Ethyl  chloracet«cetste,  179                 ^^^^1 

^^^B          Ethera  and  ethereal  aalts  ofglycolyl. 

Ethyl  chWhicUt«v  146                         ^^^H 

^^H 

Ethyl  chlomialooate,  158                   ^^^H 

^^^B          Ethen  and    ethengal  salts    of   aalic 

^^H              add,  202 

Ethyl  comenate,  618                            ^^^H 

^^H          Ethidene,  11 

Ethyl  compotinda  of  ^lycoooU,  9S      ^^^^H 

^^H           Ethidene  aeetamide»  77 

Ethyl  copper  acetucetaU,  179              ^^^H 

^^^^H          Ethidene  and  nitrogen  compounds,  74 

Ethyl^crotonio  add,  3S0,  413             ^^^^H 

^^H           Ethidene^biun^t.  77 

Ethyl  cyanacetate,  159                         ^^^H 

^^^^H           Ethidene  bromacetin^  72 

Ethyl  cTan formate,  122                       ^^^^H 

^^^^H           Ethidene  chloracetin*  72 

Ethyl  dkcetic  acid,  173,  174              ^^^B 

^^^B           Ethidene  chlori.ie,  13 

Ethyl  diacetonoemate.  234               ^^^H 

^^^B            Ethidene  chlorethybtie,  71 

Ethyl  diacetotafttate,  232                   ^^^H 

^^^^V           £thid«iw  cyaniuiimide»  77 

Eth^l  diacetyl-deeoxaUte.  428  ^^^H 
Ethyl  diallyl  carbinol,  474,                ^^^H 

^^H           WthMoMH  diacetete,  13^  73 

^^H           EHudoia  dibromidei,  71 

Ethyl  diearbopyrrolic  add,  611        ^^^^^H 

^^^^B           Ethidene  diehlonde,  70 

Ethyl  dichloracetaoetate,  180            ^^^H 

^^^H            Ethidene  diethyl  ether,  67 

Ethyl  ^dichlorpromoDate,  377         ^^^H 

^^^H            Ethidene  diethvl  oxide^  18 

^^^^B            Ethidene  di-iodide,  71 

Ethyl  diethyUxyaeetate,  266            ^^^B' 

^^H           Elhidaiw  dimethyl  eth«r,  70 

Ethyl  diheptyl-aeetaeelate,  887         ^^^H 

^^H           EtydoMHelhTle&e  dioxide,  (9 
^^H           E^iidaw  hy<ininin«,  74 

EthylHiini>T>ivK^^^t4i'ietate,  267        ^^^^H 

^^^H           Ethidene  imido  dlTer  nitrate,  75 

aEthyl-a                     vlene,  258          ^^^H 

^^H           ItfaideM  lactic  acid,  134 

^-EthyUi                    ylene,  258        ^^^M 

^^^B          Ethidene  or    ethylidtiie    oonpoQod^ 

Ethyl  dimc^thyl  etLyleiie.  5                ^^^^B 

^^m 

Ethyl  dinitroxTtartrate,  231               ^^^^B 

^^^H           Ethidene  methyl  ethyl  ether,  70 

Ethyl  dtoctyl-mteoetalBp  287           ^^^H 

^^^^B             Ltiiidene  oxycliloride,  71 

Ethyl  deeoxalate,  428                         ^^^B 

^^^^B            Ethidene  propcuyl  ether,  353 

Ethyl  ether,  89,  101^                           ^^^^H 

^^^^1            Ethidene  sulphite  compounda^  73 

EthVl  ether  of  diethyl   mUe  mat  ^M 

^^H           £thiae,4o0 

172                                             ~_^B 

^^^^1            Ethine  com  pounds.  450 

Ethyl  etholaetete,  1S9                       ^^^B 

^^^B           Ethionic  acid,  53,  56 

Ethyl  ethcuneetate,  88                       ^^^H 

^^^B           Ethdxaoetk  acid,  85 

Ethyl-ethrlene,  163                             ^^^H 

^^H           Ethozycafleine,  336 

Ethyl  fnmanc  acid,  211                      ^^^H 

Ethyl  furfonn,  604                            ^^^H 

^^H            Ethyl  aeato-aeetate,  172.  175 

Ethyl  glycerste,  376                          ^^^H 

Ethyl  ilyeoLunide,  94                        ^^^H 

^^H                    177 

EthVUglycocoU,  94                             ^^^M 

^^H           Ethyl  acetodtrate,  4S7 

EthVl  glycoUate,  85                           ^^^H 

^^H           Ethyl  acetmtt,  172. 173 

Ethyl-gi jooUie  a^d^  89  ^^^H 
Ethyl  heptyl-ecetaeetetei  887  ^^^^B 
Ethyl  hydraeorliato.  415                    ^^^H 

^^^B           Ethyl  eoetoiie  carbonate  of  ethyl,  174 

£thyl*iodpro^yl  etker,  478                     ^H 

^^^B           Ethyl  aAtone-carbonie  add,  172 

Ethyl  isobntyl  eoetaortale^  367                  ^H 

^^^B            Ethyl  acvtoiartmte,  231 

^^^K^    Ethyl  efrrotTifarheUylate^  4^ 

Ethyl  imiiednate,  It^                      ^^^J 
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Ethyl  iflopropyl'scetacetate,  272 

Ethyl  lactate,  16,  188 

Ethyl  lactic  acid,  16,  138 

Ethyl  Isevulinate,  250 

Ethyl  kcto-BucciDiftte,  190 

Ethyl  iiiagii«;siii!n  acistocetate^  179 

Ethyl  iiuiWte,  213 

Ethyl  malonic  acid,  255 

Ethyl  mdonntii,  15a 

Ethyl  nipcomc  acidi  617,  618 

Ethyl  meaflXiilftto,  161 

Ethyl  ttiftthyUethyl'iicetacotate,  272 

Ethyl  B-metbyl  iic*;t<»sucoiniite^  253 

Ethyl  3  methvl  acetomicciTiate,  253 

o-Et  hyl-methy  1-eth  y leiie,  24  2 

$- E t b y I-methyUc t hylen e »  24 2 

«-Ethy|-methyl-etbyleiie  bromiile^  243 

«•  Et  hyl-mt'thyl-e  thy  It:  oe  glycol,  2  42 

Ethyl  methf'riyl  tricarbonat<»,  153 

Ethyl  moBQchlorf]Lhtiiiyl-tiii^arboxylat% 

Ethyl  mncate,  598 
Ethyl  mucic  acid«  598 
Ethyl  Eitrocomeuftte,  61 S 
0- Ethyl  nitrojiropioimte,  153 
Ethyl  Eitroso-^elocetatf,  180 
Ethyl  niUoJcyl  malate,  2(i» 
Ethyl  octYl.a«i?Ucetatet  287 
EthylotnaliG  acid«  2Q3 
Ethyl-oxalate,  23,  116 
Ethyl-oxalic  acid,  23,  117 
Ethyl..        I  t hloride,  23,  117 

Ethyl        L  .:i;itM,  31& 

Ethyl-/8-oxy butyric  acid,  267 

Ethyl  oxamate,  120 

Ethyl  oxamethane,  121 

Ethyl  oxyifiii  Ionic  aei«l»  256 

Ethyl  axAiiiic  ociilf  120 

Ethyl  oxnmiilc,  118 

Ethyl  ]jari4cyanfoni)otP,  122 

Ethyl  i»arali«;ut«,  149 

Ethyl  platinoui  aiuniotiiuiii  chloride, 

82 
Ethyl  propenyl  ether,  352 
Ethyl -propioyl  ether,  471 
Etbv!  i^r-^"  iii'ivl  rerojiinijAtfl,  267 
Et].;  ;  ..■    ^:.r    ■T.,  255 
Ethyl  pyromucate,  606 
Ethyl-pyrrol,  611 
Ethyl  suicharjiff,  597 
Ethyl  eidt  of  ethyl  ahlormalonic  acid, 

256 
Ethyl  sodacetacetate,  177 
Ethyl  sodacetate,  177 
Ethyl  Buberate,  280 
Ethyl  sum  I  lie  acid,  188,  269 
Ethyl  eueclQo-lactate,  1^0 
Ethyl  SQCcLiiyl»aiiccitiat€,  189 
Ethyl  tart tio Die  add,  256 
EtbVl  thifKjftitjaottno^tate,  180 
Ethy I'triitieth  vl -ethylene,  271 
Ethyl  trichloriacrate,  146 
EthylflDc,  27  ;  Xpro^i^rtiefl  of,  30 
Ithykod  AOfltobutynte,  51 


Ethylene  acetochloride,  50 
Ethylene  acetovalerate,  51 
Ethylene  alcohol,  10,  32 
Ethylene,  arsenic  ii^L^ii-s  af,  67 
Ethylene  boroo  fluoride,  31 
Ethylene  bronihydri]],  43 
Ethylene  bromide,  44,  443 
Ethylene  broiii iodide,  47 
Ethylene  cblomcetin,  60 
Ethylene  ehlorTiraniide,  46 
Ethylene  ehlorhydrat*,  6 
Ethylene  chlorhydriu,  4,  38 
Ethylene  chloriodide,  IS,  47 
Ethylene  chlornitrate,  49 
Ethylene  compounds,  27 
Ethylene  cyanhydrate,  15 
Ethylene  cyanide,  105 
Ethylene  diacetate,  50 
Ethylene  diacetin,  50    '^ 
Ethylene-diamine,  58,  60 
Ethylene  dibromide,  44 
Ethylene  dibutyrate,  51 
Ethylene  dichloride,  39 
Ethylene  diethyl  diamine,  60 
Ethylene  diethyl  ether,  35 
Ethylene  difonimtiL%  49 
Ethylene  dibydroflulphld^,  51 
Ethylene  di -iodide,  47 
Ethylene  di^iu]  phonic  acid,  57 
Ethylene  dithiodichloride,  53 
Ethylene  divalenvte,  51 
Ethylene  <ithyl  etber,  35    •• 
Ethylene  ferrous  chloride,  31 
Ethyletifl  glycol,  0,  19,  32 
Ethyieiie-hexethyl-arBoniiim  dibromide, 

67 
Ethylene^hexethyl-phoftphomutii  dibro- 

iuide»  66 
Ethylene  hydroiymilphidp,  51 
Ethylene-hydro3ty-fiUl[fharic  acid,  48 
Ethylene  lodacetio,  50 
Ethylene  iodhydrin,  46 
Ethylene  laetie  acid,  15, 150 
Ethylene  mercaptan,  51 
Ethylene  monacetate,  50 
Ethylene  monacetiu,  50 
Ethylene  monobutyrate,  51 
Ethylene  monovalerate,  51 
Ethylene  nitrate,  49 
Ethylene  nitrite,  48 
Ethylene  nitri-nitrate,  48 
Ethylene,  nitrogen  bases  of,  58 
Ethylene  oxide,  35 
Ethylene  oxide  bases,  62 
Ethylene  oxythiocarbonate,  52 
Ethylene  platinons  chloride,  31 
Ethylene  platinons  potassium  chloride, 

Ethylene,  phosFphorus  bases  c  f,  G5 
Ethylene  aifknoeyanatcs  49 
Ethylene  en ci  ii i n t ts  1^0 
Ethylene  succinic  acid,  190 
Ethylene  sulphide,  51 
Ethylene,  sulpho-acids  of,  53 
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^^^^^^kXllijlfBe,  ^                   ifionodj  off  £1 

Gala^toMp  S4S                                                 ^M 

^V                EthjUDe  th                 ' -,  52 

G«lo«e^  571                                                       ^M 

^M                 Etliylene  t  .                  ^.  52 

Giyoerie  acid,  375                                          ^^| 

^H                EthjLeiieUiiQcv^ 

Gljfiandea,  S64                                                ^M 

^H                Ethylene  tbiodi' 

Oljoeridea  of  olcn  aoiil  m                          ^M 

^^^^          Ethjlidene,  97 

Gljeerine,  343                                                 ^H 

^^B          Eucaiyn,  550 

Glyceritie  ether,  351                                          ^H 

Glycerol,  343                                                    ^H 

^^^b 

Glycerol  detected  in  hear*  960                        ^H 

Glycerol  diethylim  352                                  ^H 

^^^^^  FA9  and  oik,  398 

Glycerol  mouetbylin,  3^f                                ^^| 

^^H        Fall  m  gl7<»eri4i!«,  394 
^^^V        Fennentdble  gum,  571 

Glycerol  pho«pboric  add,  MS                       ^^M 

Glycerol  triethylin,  352                                   ^H 

^^^H^         Fennentation  lactk  ftcid^  13i 

Glycerol,  344                                                  ^M 

^^^^^  Ferripomaia,  198 

Glyceryl  oxide,  344                                         ^^H 

^^^^^HnFerric  citrate,  435 

Glycidamine,  374                                             ^^M 

^^^^^Fmtcaalt,  155 

Glyc^e,  351                                                     ^H 

^^^■^       Ferric  sucdiutcv  187 

Glycide  alcohol,  351                                         ^H 

^^H           Ferric  tartrate,  226 

Glycocoll,  92,  122                                               ^M 

^^^H           Ferrous  dilitunit4^,  310 

Glycocoll,  acid  compoomla  of,  P3                   ^^t 

^^^H           FeiTouJ  out  Ate,  115 

Glyooooll,  ethyl  eompooDda  of,  93                ^H 

^^^H           Ferrous  lactate,  137 

Glycocoll,  meUUie  oomponnda  of,  93           ^H 

^^^H           Ferrous  violumU.  309 

GlycocolU  ialiue  oompounda  of,  93                ^^M 

^^^H           FUx  and  hem{».  5d7 

Glycocyamidine,  98                                          ^^M 

^^^H           Formic  acid,  103 

Glycocyamine,  97                                            ^^M 

^^^H          Formo-gaanaraine,  340^  341 

Glycogen,  568                                                  ^^M 

^^^H          Frnit-tugar,  545 

GrvcofflvcoUic  acid,  89  ^^M 
Gfycol,  '33  ;  properties  of^  34                          ^H 

^^^H          Fuctuamide,  A12 

^^H          Fucnaol^eiS 

Glycolamide,  18,  91                                        ^H 

^^^H          FucuAin,  612 

G 1  y colami  d  ic  acid,  1 8                                       ^^M 

^^^^H         Fucoaoic  acid,  612 

Glvcol-ethylamide,  94                                  ^H 

^^^^B          Fomaramide,  211 

GlycoUde,  87                                                   ^H 

^^^H         Fumaric  Acid,  20S,  209 ;  conatitudon 

Glycols,  8                                                        ^H 

^^^H 

Glycoturicacid,  99                                          ^^M 

^^^^H          Famaritnide,  206 

Olycollates,  84                                                 ^H 

^^^H         Fomaryl  chlondei  210 

Glycollic  acid,  19,  82                                    ^H 

^^^^H          Furforajn'olein,  612 

Gly collie  anhydride,  89                                  ^^| 

^^^^1          Furfuracnrlic  aeid.  613 
^^^H          Furfuraldehyde,  602 

Glycollic  c  hloni  1  ide,  1 48                                  ^^H 

Glycolyl,  Emido-compoonda  of,  91                ^^M 

^^^^H           Furfuramide,  603 

Glycolyl,  carbaniide  compomndii  of,  99          ^H 

^^^^B          Furfumn,  608 

Glycolyl  compoands,  82                                        ■ 

^^^^H          FurfurmngeUc  acid,  613 

Glycolyl,  ethtira  and  ethereal  aalta  o^               1 

^^^H          Fuxrur-butylene,  013 

65                                                                 ^M 

^^^H          Furfurin,  603 

Glycolyl  guanidine,  98                                  ^H 

^^^H          Foffunil,  602 

Glycf^lyl,  guanidine  compounds  ot,  97         ^^ 

^^^^H          Furfurol,    condensatioD    products    of, 

Glycolyl,   phosphorus  componnda    o4               | 

^^H 

101                                                                1 

^^^^H          Fiirfurpmpmnic  acid,  615 

Glycolyl,  sulphur  oompotmds  of,  Sd             ^^1 

^^^^B          Furfurvali^iic  acid.  613 

Glycolyl  thio-ur«a,  97                                     ^^M 

^^^H           Furfuryl  alcohol,  603 

Glyc^lyl-ureo,  99                                             ^^M 

^^^^H           Furfuryl   compounds^    conatitutioB    of 

GlycoBiD,  103                                                   ^^M 

^^^H 

Glycotartaric  acid,  239,  428                            ^^M 

^^^^H          Furfuryl  group,  602 

Glyco-uril,  324                                               ^^H 

^^^H          Fiiril, 

Glyoxal,  102                                                     ^H 

^^^^H          Ftiril  octobromide,  605 

Glyoxalic  acid,  103                                        ^^| 

^^^H          Faroin,  605 

Glyoxalin,  103                                              ^H 

^^^^H          Fiin>iuc  acid,  613,  015 

GlyoxyUc  acid,  103                                        ^^M 

Glyoxyl-urea,  299,  324  ^H 
Glucolignose,  683                                              ^^M 

^^^^B 

Glneosan,  540                                                 ^H 

Glucoses,  the,  537                                            ^H 

^^^^^^^   Gaetdikio  actd,  410 

Glutanic  acid,  23,  262                                     ^^H 

^^^K^  Galam  butter,  369 

Glutanumc  acid,  251                                       ^^M 
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Glutamine,  251 

Glutaric  acid,  251 

Glutaric  anhydride,  251 

Goose  fat,  869 

Gra^-sugar,  537 

Gnajacen,  410 

Guajol,  410 

Guanamide,  842 

Guanamines,  340 

Gnanamine  hydrochloride,  841 

Goanid,  842 

Guanidine  compounds  of  glycolyl,  97 

Gnanidine  comi>ounds  of lactyl,  148 

Guanidoacetic  acid,  97 

Guanidopropionic  acid,  143 

Guanine,  825,  829,  839 

Guanine  h^drochlorate,  880 

Guanine  nitrate,  830 

Guanine  sulphate,  830 

Gum  arabic,  569 

Gum  tragacanth,  572 

Gums,  the,  569 

Gun-cotton,  577 


H. 

Haloid    ethereal  salts   of  acetylene, 

457 
Haloid  ethereal  salts  of  allylene,  461 
Hemp,  687 
Hemp  oil,  480 
Hendecatylene,  284,  285 
Heptine  compounds,  469 
Heptinio  acid,  630 
Hcptolactone,  416 
Heptyl  malonic  acid,  289 
Heptylene  compounds,  271 
Hexaceto-amylum,  562 
Hexacetodextrine,  562 
Hexacrolic  acid,  397 
Hexad  alcohol  radical  compoonds,  484 
Hexbromethane,  46 
Hexchlorethane,  43 
Hexenyl  alcohol,  878 
Hexenyl  tricarboxylic  acid,  447 
Hexeric  acid,  414 
Hexethylene  alcohol,  87 
Hexglyoxal  hydrate,  102 
Hexhydromeconic  acid,  616 
Hexine,  465 
Hexinicacid,  680 
Hexine  compounds,  465 
Hexine  tetrabruniide,  466 
Hexine  tetra-iodide,  467 
Hexine  tetranitrate,  467 
Hexmethylenamine,  26 
Hexnitroxyinosite,  552 
Hexone,  466 
a-Hexone  alcohol,  484 
/i-Hexone  alcohol,  489 
fi-Uezone  diacetate,  491 
/3-Hexone  dichlorhydrate,  490 
a-Hexone  dichlorhydride,  486 


a-Hexone  hexacetate,  488 

/3-Hexone  hexacetate,  491 

a-Hexone  hexasulphate,  486 

a-Hexone  hexnitrate,  487 

iS- Hexone  hexnitrate,  491 

iS-Hexone  pentaoetate,  491 

iS-Hexone  pentacetochlorhydrin,  491 

Hexone  pentanitrate,  488 

Hexonyl  chlorhydrate,  490 

Hexonyl  pentacetate,  491 

Hexonyl  alcohol,  490 

Hexoylene,  465 

Hexpropylene,  286 

Hexyl-ethylene,  275 

Hexylene  bromide,  258 

Hexylene  compounds,  257 

Hexylenic  acid,  415 

Homoitaconic  acid,  615 

Humboldtine,  115 

Humus,  576 

Hydracetamide,  75 

Hydracryl  compounds,  150 

Hydracrylic  acid,  150 

Hydrantoic  acid,  96 

Hydrantoin,  96 

Hydranzothin,  76 

Hydrazulmin,  124,  299 

Hydrazulmoxin,  124,  800 

Hydrocaffurio  acid,  887 

Hydrocarbons  of  the  acetylene  scries, 

448  J. 

Hydrocelluloee,  576 
Hydrochlorate  of  sarcine,  828 
Hydrochloride  of  caffeine,  884 
Hydrocroconic  acid,  629 
Hydrocyanaldine,  145 
Hydro-ethyl-crotonic  acid,  414 
Hydroflavic  acid,  124 
Hydrofuronic  acid,  618 
Hydromuconic  acid,  599 
Hydrorubianic  acid,  124 
Hydrosorbic  acid,  880,  414 
'  Hydrothiocroconic  acid,  629 
Hydroxy acetal,  69 
Hydroxycaffeine,  836 
Hydroxy-ethylene  disulphonic  acid,  58 
Hydroxyethylene  sulphonic  acid,   58 
Hydroxy-  or  oxy-acids,  14 
Hydruvic  acid,  154 
Hydurilic  acid,  812 
Hypocaffeine,  886 
H3rpogceic  acid,  419 
Hypothetical  anhydrous  glycerol,  844 


IiODO-dimethylacetic-dimethyl    pro* 

pionic  acid,  246 
Imidosuccinic  acid,  207 
Imidodoxanthine,  829 
Imidopropionio  acid,  145 
almiaopropionitril,  144 
Inosite,  550 
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Inulin,  566 
lodallyl  alcohol,  885 
lodallyleue,  461 
lodallylene  di-iodide,  462 
lodethyl-trimethyl-ammomain  iodide, 

65 
lodopyromeconic  acid.  621 
a-Ioapropionic  acid,  141 
B-Iodpropionic  acid,  20,  152,  401 
lodo-soccinimide,  193 
lodatearidic  acid,  424 
Iron  pyruvate,  155 
Iron  SQcrates,  528 
Iron  tartrates.  226 
Isethionic  acid,  58 
Isethionyl  dichloride,  55 
IsoaUylene,  450,  462 
Isoallylene  tetrabromide,  462 
Isoallylene-tetracarbozylic  acid,  429 
Isobrommaleic  acid,  214 
Isobutyl  aldehyde,  12 
Isobutyl  angelate,  408 
Isobutyl  ether,  181 
Isobutyl-puanamine,  842 
Isobu^l  isobutyrate,  408 
Isobutyl-malonic  acid,  274 
Isobutyl  oxalate,  117 
Isobutyl-oxymslonic  acid,  274 
Isobutyl-tartronic  acid,  274 
Isobutylene,  6,  163,  164 
Isobutylene  alcohol,  11 
Isobutylene  bromide,  165 
Isobutylene  chlorhydrin,  165 
Isobutylene  chloride,  165 
Isobutylene  glycol,  165 
Isobut}Tic  acid,  242 
Isochlorcitramalic  acid,  444 
Isocrotonic  acid,  405 
Isocrotylamine.  402 
Isocrotyl  mustarl  oil,  402 
Isocrotyl  thiooarbimide,  402 
Isocyanpropionic  aci  I,  196 
Isodibromsuccinic  anhydride,  213 
Isodibromsuccinic  acid,  212,  217 
Isodiothyloxaniide,  121 
Isodulcitan,  492 
Isodulcite,  492 
IsodulcHic  acid,  492 
Isoheptylene.  271 
IsoK'Ucine,  2f^4 
IsoleuciuimMe.  2^5 
Isomalio  acid.  207 
Isomerides  audhomologuesofpyromucic 

acid,  612 
Isopimelic  acid,  273 
Isopropyl  acftyli-ne,  464 
Isopropyl-acrjlic  acid,  412 
IsopropVl  diailyl  carl^ol,  474 
Isopropyl-ethyieiie,  241 
Isopropyl-ethylene  glycol,  241 
Isopropyl-giiaii amine,  342 
Isopropyl-malonio  acid,  270 
Isopropyl-succinic  acid,  273,  274 
Isopyromucic  acid,  612 


Isopyroterebic  acid,  415 
Isosuberic  acid,  282 
Isosnccinyl  compounds,  197 
Iso-succinic  acid,  20,  197 
Iso-uric  acid,  806 
Itabrompyrotartaricmcid,  442 
Itachlorpyrotartanc  acid,  441 
Itaconic  acid,  489,  440,  446 
Itaconic  anhydride,  441 
Itsdibrompyrotartaric  addt  442,  446 
Itamalic  acid,  441,  442 
lUtartiziti  acid,  442 


jAPAinsss  paper,  592 
Jute,  588 
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Eahwa,  Arab  beyerage,  885 

Eetonic  acids,  171,  244,  260,  272,  278, 

287 
Ketones,  11, 
Konmiss,  composition  of^  582 


Lactamide,  142 

Lactates,  the,  136 

Lactic  acid,  10,  14,  15,  138 ;  by  fer- 
mentation, 135  ;  synthesis  of,  134  ; 
ethereal  salts  of,  138  ;  substitatioii- 
products,  146 

Lactic  anhydride,  189 

Lactic  chloralide,  143 

Lactic  series  of  acids,  14 

Lactide,  140 

Lactimide,  142 

Lactolactic  acid,  139 

iS-Lactonitril,  153 

Lactose,  548 

Lacturamic  acid,  143 

Lactyl  amido-comjiounda;,  142 

Lactyl  carbamide  and  goanidine  com- 
pounds, 143 

Lactyl  chloride,  17,  140 

I.Act>-l  compound:^  133 

Lactyl  ethyl  lactate,  139 

Lactyl-guanidine,  144 

Lactyl  nitrils,  144 

Lactyl  sulphur  compounds,  141 

Lactyl  un'«,  143 

Lievotartaric  acid,  238 

I^Tulin,  567 

Laevulinic  acid,  249 

Ls>'ulosan,  547 

Laex-ulose,  537,  545 

LaE'vuIose,  metaUic  oompoiiiiida  oi(  547 

Lantanuric  acid,  824 

Lard,  369 
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Lead  acrybte,  401 

Lead  fumarate,  211 

Lead  glycerate,  376 

Lead  gly collate,  84 

Lead  maleate,  212 

Lead  mesoxalate,  161 

Lead  oleate,  421 

Lead  oxalate,  114 

Lead  saccharate,  596 

Lead  sucrates,  527 

Lead  tartrate,  225 

LL*cithio^,  370 

LepuTgylic  ai'id,  287 

Leacic  add,  2t$Q 

Leucine,  281  ;    preparation    and  pro* 

perliea,  262 
Ij*jwduimiilt\  2H 
Lencciuie  acid,  ti30 
Lichonic  acid,  209 
Liduniii(9,  5M 
LigiiiOt  w<sos]y  fibre  of,  583 
Liuolf'ic  acid,  477 
Linoxyn,  478 
Linseed  mucilage,  573 
Linseed  oils,  478 
Lipinic  acid,  267 
Lipyl,  344 
Lipyl  oxide,  344 
Lycine,  95 


Madaoascar  manna,  480 
jklagQtisia  mtrii^a  f/f«rrteafiCT»,  435 
Afo^esium  violumte,  300 
Mai2«-stArch,  556  ;  gmnnles,  558 
Miikmk  aci'lt  204 
Malamide,  £04 
Malatea,  the,  200 
M^ilfitcH,  tljM.  212 
Maleic  acid,  208 

Maleicacid,  212  ;  constitution  of,  214 
Maleic  anhydride,  213 
Maleyl  oxide,  213 
Malioacid,  185,  198 
Malic  acid,  ainido  compounds  of,  204 
^       Malic  acid,  ethers  and  ethereal  salts  of, 
202 
Malic  acid,  optical  isomerides  of,  201 
]^Ialonic  acid,  21 

Malonic  acid,  156  ;  synthesis  of,  157 
Malonyl  dimethyl-urea,  307 
Malonyl  compounds,  156 
Malonyl-urea,  298,  306 
MaltDse,  535 
Mutiilk  lii^ni|>t  588 
Malyl  ureide,  321 
Malyl  ureidic  acid,  321 
Manna  sugar,  484 
Maunitan,  485 
Mannitan  tetranitrate,  488 
Mannite,  484 

nite  dibromhydrin,  486 

206 


HannitA  dichlorlrTdriDf  486 
Msniiite  Jne^aanlpliurie  acid,  486 
MaJinitic  oqid,  4S5 
MaiiTn+o!^  4s4 
Mannitose,  485 
Meconamic  acid,  618 
Meconates,  616 
Meconic  acid,  616 
Meconic  acid  group,  616 
Melene,  286 

Melissyloncit  2Sfl 

MeliiDse,  534 

Mcrcupto-mcetii?  aci<^  88 

Mercuric  oxalate,  114 

Morcury  dQcciuixuklej  193 

Ble^neouic  acid,  4:3U,  44  4 ^  445 

M^^AdibrompjrntAi'tAiic  acid,  445 

Meao-tiirt»nc  atriii,  S38 

Mtij^oxAlio  ad  id,  IGO 

MBsoxalvl-ui^a,  298,  300 

Metacroleiu,  898 

Metallic  compounds  of  acetylene,  455 

Metallic  compounds  of  allylene,  460 

Metallic  compounds  of  dextrose,  543 

Metallic    compounds    of    ethyl    acet- 

acetate,  177 
Metallic  compounds  of  glycocoll,  93 
Metallic  compounds  of  lievulose,  547 
Metallic  compounds  of  milk-sugar,  533 
Metallic  compounds  of  sugar,  524 
Iklt'Udiii^  pTopirties  of  aiuyium,  561 
Met^ijwptic  ^cid,  594 
Mctambic  add,  570 
M&tezodanibo&e,  553 
Blethftoiylic  acid,  3£0,  406 
Mi^thene,  24 

M^thenyl-triearboxyUc  add,  425 
Metho^eth^xalic  &md,  246 
a<MtithoxygucciiiiG  aeld,  265 
Methyl  acetiicetatc,  181 
Methyl  m'eto«ici*tiii  acjd,  247 
Methyl  lujetocitrule,  4^6 
ML^thylQcetyltsufi,  448,  459 
Methylal,  34 

31  e  thy  la  ted  exploaive  oH,  S6l 
M(  thvl  bmnuitvlol,  132 
Methyl-  buty  he  ttj  y  litue,  27 1 
Mulhyl  cklortHcorbaJlykte,  436 
Methyl  citric  at  id,  436 
;^[ethyl-crotonic  acid,  409 
M4?thyl  diallyl  curbinnl,  474 
M  ethyl-difithy I-oxyaretate,  286 
^-Methyl-etbeixjl    trioirboxylic    acid» 

426 
Methyl  ether,  181 
]bIethy]i>thy1-act!Ueetata,  267 
Methyl -ethyl  acetal,  70 
Methyl-ethyl  acetic  acid,  409 
Bttithy^ethyl^aeetjleiw^  448,  464 
Methvl*ethyl-wjnwein,  414 
Methyl  ethylene,  124 
Metbyl-ethyt-Tnalouie  acid,  270 
Methyl  ethyl  c^x&k|«,  117 


^^^g^    648                                                INDEX                                 ^^^^^^1 

^^^H            Metbyl-^tbyl-ozybiitTrio  acid,  272 

Monad  aloobol  radicals,  oompotinds  of    ^| 

^^^^B            5Iethyl-etliyl-piimcofie,  277 

the.  379                                                    ^ 

^^^H             Methyl  foiriaraU%  2U 

MoDobasic  acids  {lactic  scries),  34                    1 

^^^^1             Mpthyl  ^aoidrxiccttc  acid,  9S 

Monobasic    mcids,   C„HsnO,,    itxi  thesis          1 

^^^H              a-Mtitliyl-glutaric  acid,  269 

of,  15                                                               1 

^^^H             HethyUgJycocoll,  94 

Monobasic  aaocbarate  of  lime,  526             ^J 

^^^H             Methyl  glToollaU,  85 

Monobromaeetylenr,  459                              ^^B 

^^H             Mothyl  glvcollyl  gimiidme,  99 
^^^^H             Metvl-hydriititoin,  96 

Moriobrombarbituric  add,  Sll                    ^^M 

Monobromethylene,  46  ^^M 
J^[onobromhyririn  ofmannitan,  480           ^^M 

^^^^H              M«t1iy]'isoi-ratyl  alcohol^  468 

^^^^B             Mtitbyl'isocrot^'l  earbinol,  411 

Monobromidosucoiiiic  acid,  198                   ^^B 

^^^^B             Methyl-iuocrotyl  chloride,  4(1$ 

MonohromJactic  add,  148                            ^H 

^^^^H             Methyl'boerotyl  coTnTinuud^t  468 

Monobromacetal,  69                                     ^H 

^^^H             Mcthyl-isocrotyl  iodide,  468 

Monobrompyromucic  ai^id^  608                    ^H 

^^^^1             MethyMsocrotyl  ketone^  411 

^lonoliromsaccinic  acid,  19^                       _^H 

^^^^H             \[ethyl'isocrotyl  iiionucetate,  468 

Monobrotbiophene,  6"32                               ^^B 

^^^^H             Methyl  ketoiiQ'propiumc  acid,  21 

Monocalciutn  sucrate,  526                           ^^B 

^^^B             Mi^thyl  lactate  13d 

Monochloracetal,  68                                       ^^B 

^^^1            Methyl  Isevulinatc.  250 

MunoLhloracetone,  128                                   ^^M 

^^^H             Methyl  maleute,  213 

MoTiocbloracetyJeiie,  458                              ^^M 

^^^^H             Methyl  niAloaic  acid,  197 

Mouochlordiacetin,  366                               ^^M 

^^^1             Methyl  oxalate,  116 

MonochloT' ethyl-alcohol,  39                       ^^M 

^^^^H            a^Methvloxvbutyric  acidt  246 

MoBocblonetbykne,  41                                  ^^t 

^^^H            3-Metbyloxvbutync  acid,  247 
^^^1             Methyl  iJAi^bnufe  add,  317 

Monochlorethylene  diebloride,  41  p  71              I 

Monochlorbydrin  of  monnitan,  486           ^J 

^^^^1             Methyl -p  ropy I-etbylene,  6,  257 

Monochlorhe!xine,  4M                                 ^H 

^^^H             Methyl-propyl-ethylene  glycol,  21B 
^^^^m             Methyl  -propyl  ethyl  ene-lac  tic  acid,  272 

Monochlorlaetic  acid,  146                           ^^B 

Monochlorsuberit^  acid,  447                        ^^M 

^^^^H             Methyl- pro] lyl'isoallylent^,  469 

Monochlordinitrin,  362                              ^^B 

^^^^B             Methyl  pyriivat«^  155 

Monoformin,  365                                        ^^B 

^^^H              Methyl  race  mate,  235 

^louolein,  421                                                 ^^B 

^^^^B             Methyl  auccuiate,  188 

Monostearin,  367                                         ^^B 

^^^H              Methyl'Siiceinic  Acid,  21,  2r>3 

Monostilphydrin,  373                                 ^^B 

^^^^B             j3Mt!thyI-»uecinlo  aeid,  269 

Monopalmitiu,  S67                                      ^^H 

^^^H             MethylWccinyloi^a,  320 

Mouo-urcides,  299                                        ^^B 

^^^H             Methyl  tartronic  ac^id,  208 

Mueanilde,  599                                              ^H 

^^^H             Methyl  theabromiDiv  332 

Mucdtea,  598                                                 ^H 

^^^^H             Methyl  thialdirie  bydriodide,  76 

Mueic  acid,  597                                           ^^| 

^^^^H             Methyl-thiojmralmnic  acid,  318 

Mneita^e,  573                                                ^^B 

^^^H             Methyl  uric  acid,  2^7 

MutTonfc  acid,  600                                          ^^H 

^^^H             Methyh^ne  acetate,  25 

M  lire  X  an,  307                                                ^^B 

^^^^H              Methylene  acetochloridc,  25 

Miirexide,  300,  318,  314                             ^H 

^^^^H             Methylene  aceto-inethyl-oxide,  25 

llituj-exoin,  338                                               ^^| 

^^^^B             Methylene  chlorucetin,  25 

MuscArine,  95                                              ^^^| 

^^^^B             Methylene  comix)und«,  24 

Mustard  nil,  390                                           ^H 

^^^H             Methylene  dimethyl  ether,  24 

Ma£tard-oil  acetic  acid,  91.  97                   ^H 

^^^H              Methylene  di^odid^,  131 

Mutton  fitiet,  369                                           ^H 

^^^^H             Methylene  gnanamitie,  341 

Mycomelic  acid,  293,  299                          ^H 

^^^^B             Methylene  tliiocyanate,  25 

Myco^,  535                                                   ^H 

^^^^B             Milk-snji^ar,  530  ;  ethereal  and  metallic 

Myristolic  acid,  390,  391                            ^H 

^^^^H                 compound^}  of,  533 

Myronio  add,  477                                     ^^B 

^^^^B              Millet  starch  grantilea,  559 

^^H 

^^^H             MuEed  allylamlnes,  388 

^M 

^^H            Molasaefl,  503 

^^H 

^^^^B             MoksseD,  extTacHon  of  sngar  from,  509 

Nanckic  acid,  133                                    ^^M 

^^^^H             Monhydric  potaH.«<iuni  diliturate,  310 

Keurine.  63,  65                                             ^^B 

^^^^H             MonicHlraproic  acid,  476 

Niti-at4>3  of  amylnm,  561  ^^M 
Kitratefl  of  cellalose,  577                            ^^^fl 

^^^^B            MonicHiethvl  oxide,  47 

^^^H            Momodethylene,  47 

flitrila  of  oxalic  acid,  122                          ^^| 

^^^H            MoniiOtllactic  aeid,  148 

Kitroacetic  acid,  91                                      ^^| 

^^^H           Mooacetatti,  468 

Nitro-amylene,  244                                     ^^B 

^^^^H            Monacctin,  365 

Nitrobarbitfiric  acid,  309                            ^^B 

^^^^H             Mouaeeto-SJicch arose,  530 

Nitroervthrol,  483                                        ^^B 

^^^^^^^      Monacid  poltissium  uitTate,  43!t 

Nilroduldtol,  491                                     ^H 
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Nitrogen  bases  of  ally],  887 
Nitrogen  bases  of  ethylene,  58 
Nitrogen  compoauds  of  propenyl,  874 
Nitrogen  compounds  of  succinyl,  192 
Nitrogen  and  ethidene  compounds,  74 
Nitro-glycerine,  358 
Nitro-isobutylene,  165 
Nitro-isodulcitan,  492 
Nitro-lactic  acid,  17,  139 
Nitro-mannite,  487 
Nitrooctylene,  276 
iS-Nitropropionic  acid,  152 
Nitropyromecazone,  623 
Nitropyromecazonic  acid,  623 
Nitropyromeconic  acid,  622 
Nitropyromucic  acid,  608 
Nitro-pyrnyinurcide,  825 
Nitroso-a-iDido-propionitril,  145 
Nitroso-barbituric  acid,  308 
Nitrosodipyromeconic  acid,  622 
Nitroso-purfuriD,  604 
Nitrosomalonic  acid,  159 
Nitrosopyromeconic  acid,  622 
Nitro-theine,  318,  335 
Nitro-trimethyl-ethylene,  244 
Nitroxyacetodcxtrose,  545 
Nitroxycitric  acid,  437 
Nitroxylactic  acid,  139 
Nitroxylactose,  538 
Nobel's  explosive  oil,  860 
Normal  ammonium  oxalate,  118 
Normal  barium  citrate,  424 
Normal  barium  tartrate,  225 
Normal  cadmium  saccharate,  596 
Normal  calcium  citrate,  434 
Normal  calcium  malate,  200 
Normal  calcium  pyro tartrate,  254 
Normal  calcium  saccharate,  596 
Normal  ethyl  citrate,  437 
Normal  ethyl  fumarate,  211 
Normal  ethyl  malate,  202 
Normal  ethyl  meconate,  617 
Normal  ethyl  succinate,  188 
Normal  ethyl  tartrate,  230 
Normal  heptylene,  271 
Normal  hexylene,  257 
Normal  lead  malate,  201 
Normal  lead  pyrotartrate,  254 
Normal  lithium  tartrate,  225 
Normal  magnesium  citrate,  434 
Normal  methyl  citrate,  436 
Normal  octylene,  275 
Normal  potassium  citrate,  438 
Normal  potassium  desoxalate,  428 
Normal  potassium  meconate,  617 
Normal  potassium  oxalate,  112 
Normal  potassium  pyrotartrate,  254 
Normal  potassium  racemate,  285 
Normal  potassium  tartrate,  224 
Normal  potassium  urate,  294 
Normal  silver  diliturate,  810 
Normal  silver  maleate,  218 
Normal  silver  meconate,  617 
Normal  sodium  oxalate,  112 


Normal  sodium  tartrate,  224 
Normal  sodium  urate,  295 
Nonyl-acetylene,  470 
Nonylene,  285 

0. 

OcTACETO-diglucose,  544 

Octacetolactose,  533 

Octylene  chlorhydrate,  275 

Octylene  chloride,  275 

Octylene  compounds,  275 

Octylene  diacetate,  275 

Octylene  glycol,  275 

Octylene  oxide,  275 

Odmyl,  479 

Oenanthylidene,  469 

Oenothiouic  acid,  54 

Oit  of  mustard,  390 

Oils  and  fats,  368 

Oils,  drying,  478 

Olefiant  gas,  27 

Olefines,  general  properties  of  the,  8  ; 
constitution  of  the,  4  ;  formation  of 
the,  7  ;  substitution  •  products  of 
the,  8 ;  containing  more  than  eight 
atoms  of  carbon,  288 

Oleic  acids,  418,  419 

Olein-sulphuric  acid,  422 

Oleophosphoric  acid,  370 

Oleum  vitrioli  dulce,  285 

Optical  isomerides  of  malic  acid,  201 

Oxalaldehyde,  102 

Oxalan,  299,  820 

Oxalantin,  319 

Oxalates,  the.  111  ;  synthesis,  106 

Oxalates  of  antimony,  115 

Oxalethyline,  119 

Oxalic  acid,  10,  19 

Oxalic  acid  aldehydes,  101 

Oxalic  acid,  carbamide  compounds  of, 
122 

Oxalic  acid,  ethereal  salts  of,  116 

Oxalic  acid,  nitrils  of,  122 

Oxalic  acid,  105 ;  manufacture,  107  *, 
properties,  109 

Oxalic  acid  series,  synthesis  of,  19 

Oxalic  series  of  acids,  19 

Oxalite,  115 

Oxalyl,  amido-compounds  of,  118 

Oxalyl  compounds,  101 

Oxalyl-diureide,  817 

Oxalylthiosinamine,  894 

Oxalylurea,  299,  815 

Oxaluramide,  299,  820 

Oxalonitril,  122,  128 

Oxaluric  acid,  299,  819 

Oxamethane,  120 

Oxamic  acid,  120 

Oxamide,  118 

Oxides,  11 

Oxides  and  ethers  of  propenyl,  851 

Oxonic  acid,  298 

Oxyacetamide,  18 


Or%  2 

O^ioida  ooot  than  ei^M 

ttomi  of  cftri 
OxybutTfic  iddsp  1*;? 
a-C»ij'bntyric  add,  l<y7,  241 
y^Oxylmtyric  ftcidf  1^9 
3-02ybittyTald«by(l«p  168.  405 
Ozyc«lfei&e,  339 
Oxycaproic  add,  260,  264,  27S 

OxTcitraconic  acid,  444 
Oxycitric  acid»  438 
OxycomeDic  add,  620 
OiycToconic  acid,  629 
Oxydibntidene  hydraxTaminey  169 
Oiyelhykcetic  acid,  &5 
Ozyetbylamint;,  62 
OxyethylamDioiimm  chloride,  63 
Ox vethy l-trit thyl-ph oaphomum  liy- 

droxfde.  66 
Oxyethyl-triethyl-aairaoiijuin  cUoriJe, 

66 
Oxi'ethvl'tiimethyl-ainmoiiium,  hy* 

Jroxi'Je,  63,  64 
Oiyetbidene»8tipdiiic  acid,  208 
Oxyethidene-succinaiiiic  a^-id,  208 
•pOxyglataric  acid«  252 
^*Oxyglutaric  aeid,  252 
Oxyh«t>tylic  add  salts,  416 
Oxyiaobutyric  addj  11,  15,  24S 
o-Oxyiaobutyric  acid»  170 
Oxyiaocaproic  add,  264 
Oxjitacouic  add,  442,  445 
Oxymaloiiic  acid,  160 
Oxynuu^^aric  add,  267 
Oxymyrutic  acid.  286 
OiyceDantliylic  add,  272 
Oxyoctenol,  277 
Oxyoctoic  add,  278 
Oxj^peBtaldiDe,  76 
7-Oxypentoic  add,  249 
OxyijEeuylamidopropionic  add,  261 
Oxypropaue-suljihonic  acid,  S39 
a-Oxypforpionic  a<'id,  10,  14,  183,  150 

$.0t'  ] '^:  add,  150 

o-O  'HI,  144 

Ox\  I  '>nic  odd,  629 

OxVpyroUrtaric  acid,  252,  255 
^-OIyfliob^ltyric  acid,  171 
OxyaocAproic  acid,  264 
Oxysuberancarbozylie  add,  261 
OxyBncchiic  acids,  198 
Oxytetmldine,  75 
Oxytrittldine,  75 
a-Oxyvalemmide,  245 
Oxyvaloric  arid,  242 
a-Oxyvaleric  acid,  244 
ja-Oxyralcric  add,  246 


Palm  oil,  869 
Falmitolic  add»  477 


P«{»er  nAldnf^  589 

Pambttiife  add,  291.  299.  SIS 

ranbsiikttnd^  rtmetkasm  foe  t^  Hi  | 

Patubaiik  groDp»  815 
Piafabizi,  517 
IVTAcontc  acid«  441 
Paracyatiogt!!!,  124 
Para^thylene  «kxid».  S7 
Paragluconic  add«  513 
ParaHydrocvanalcJiii«»^  145 
Paralactic  add,  148 
Pamlactyl  poinpoti&da,  149 
Paraldol,  1^9 
Paramaleic  add,  209 
Paramucic  acid^  51^9 
Paramylene,  283 
Paramylnm,  562 
ParasaccharoM,  530 
Paraaorbic  acid,  476 
Parchment  paper,  576 
Pectin,  594 

Pvctous  Bubstanoea,  594 
Peatabromeibane,  459 
Pentaceto-dextrose,  545 
Pentachlorai^tai,  79 
Peatmitroxylaetoae,  533 
Pcnteny!  alcohol,  378 
Pentethylene  akohol,  37 
Pentlne  compoand%  464 
Pentinic  acid,  630 
Pentylftcfitylene,  44S,  469 
Pentylen**  '■ '"' ^ ■  ■" ^ ■  < -    9 •  '> 
PeDtylenr 
Pentyl-et" : 
Phofiphatet*  of  priii»*)iiyl,  d6$ 
Pbosphcr-B'^tain**,  l*»l 
Phosphor'        '  '        itip,  101 
Phoapbon:  •  ibyleiie,  CS 

Pboepboru^    .^^.^^i-j^nd^    of    frlyooirL 
101  «  ^      ,  . 

Pbosphortri  methyl  glycf»coU,  101  , 

Pbycite,  481  i 

Pbywtoldcacid,  419  ^ 

Pimelic  acid.  2^7,  273 

oPimelic  add,  23,  273.  613,  615 

Pinaoonea,  10 

Pinacoline^  12 

Pinacone,  259 ;  hydrate,  264 

r*init«,  492 

riatino-cUoridc,  129 

Ptdyelhylene  alcohols,  87* 

PolyglyciToIs,  351 

Poiyoxvethylamines,  63 

Poppy  oil,  isO 

Pota^io-antimonious  tartate,  220 

Potasiium  acrvlato,  401 

Potaai^ium  amldo-acetate,  18 

Potassium  carboxide  componnda,  625 

Potaaaittm  carboxide  d^rivatiyea,  629 

Potaasium  carboxylatea,  627 

Potaaaiurn  cbeliiioimt*,  624 

Potaaaium  oroconate,  62S 

PoUssiam  ^cj'ancrotnnnte.  446 

Fotaaiiam  ethidena  j»ulphitu,  73 
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Potassium  ethyl  lactate^.  138 
Potassium  glyuxjl a U%  104 
Potassium  Eydroconato,  02S 
Potassium  iBt^thiouate,  54 
Potassium  malotmCe^  157 
Potassium  mjTonate,  3^1 
Potassium  par?\cymifoniiate,  122 
Potassium  pi:o[iiolattf,  475 
Potassium  qUiLdrox^kte,  112 
Potassium  rhorli/iitiatf?,  627 
Potassium  Hodiuiu  tartrate,  S24 
Potassium  tartr>'l  arsenate,  228 
Potassium  tartryl  borate,  229 
Potassium  violurate,  309 
Fotato-i*tarch,  556 ;  granulei,  557 
Primary  propyl  iodide,  181 
Primary  proijyleni?  glycol,  180 
PropargyJ,  471 
Propaigvlic  Bcid^  474 
Propeu^  flkoholj  343 
Propenyl  arsenite,  863 
o»Propenyl  chlorhydrin,  853 
^^?i-.t"  -ivj  i!i[Mjlij,uui,  S63 
«'rh.i[M^!\l  lijt.iromhydiiUi  357 
0'  I  'I'j  1 1-.'  tiy  1  d  I  brom  h'y  Jri  d  ,357 
a-Propenyi  dicJilorhydrin*  353 
Jl-Pfopeuyl  dichlorhydrin,  364 
«- Propenyl  di-iodhydriuj  S57 
5- Propenyl  di-iodhydria,  357 
Prof^uyl  dij^nlpSiotilc  acid,  373 
Projjcnyl,  etherenl  ealtH  of*  353 
Propenyli  elhtsriiai  mltB  of    UiB  fatty 

acids^  364 
Propenyl  hydroatilplijdes,  373 
Ppopenyl  hydruxyuiamiiifl,  374 
Propenyl  jtionobroTiihyddn,  357 
J^ropeuyl  mtjuo-iodhy Jriiip  358 
Propenyl  monouitmtts  358 
Propenyl  mouoaulphonie  acid,  378 
Propanylt  nkrogt^o  ccinipouiids  of,  874 
propenyl  oxidc^  351 
Propenyl,  osidt-s  aitd  etbers  of,  351 
Propenyl  phosphftUja,  363 
PnopenyU  BUlpbftt(!a  of,  358 
PropeDyl  triamine,  375 
propenyl  tribromidet  35^ 
Propenyl  trknrboxylic  acid,  428 
Propenyl  trtcliloride,  355 
Propenyl  trimethyl  ammonium  chloride, 

375 
Propenyl  trinitrate,  358 
Propenyl  trisulphunic  acid,  874 
Propidene  bromide,  183 
Propidene  chloriiie,  132,  133 
Propidene  cois^     i.  .  ,  182 
Fropid€!De  Dxidi?,  11 
Froplolic  a^ld,  474 
Propme  eompouuda^  459 
Flmpiiiy],  471 
Propinyl  acetate,  473 
Propinyl  alcohol,  471 
Propinyl  bromide,  472 
Propinyl  chloride,  472 
Propinyl  compounds,  471 


Propionyl  formic  acid,  171 

Propinyl  iodide* ^  472 

Propion  aldehyder  H 

pToj>yI- licet  ylene,  464 

Propyl 'acrj'Uc  acid,  414 

Propyl  diaLlyl  carbmol,  474 

Propyltnii,  6,  124 

Propylene  aleobol,  10,  128 

Projiylaue  b/omhydrin,  128 

Pro[>ylene  dibromide,  123 

Propylene  diiodide,  12d 

Propylene  ehbrbvdrin,  127 

Propylene  chloride^  13,  133 

Propylene  compoundu,  124 

Propylene  diamine,  129 

Propylene  di*: blonde,  128 

propyls ua  glycol i  9i  126 

Priipylene  iodhydrio^  123 

Propylene  nitrate,  129 

Propylene  oxide,  11^  127 

propyl -etbpnyl-tricarboiylic  acid,  426 

Propyl-ethyk-ne,  6,  241 

Propyl  glyeollate,  85 

Propyl -panaimine,  342 

Propyl  IseYulidate,  250 

Propyl- malonic  acid,  270 

Propyl  oiakte,  117 

Protagon,  372 

Pseado*aoetyl- pyrrol,  611 

Paeudo -butyl 'etliylene,  259 

pHeudohexyletie  chlotbydrate,  408 

Pseudohexykne  chloride,  407 

Pseudohexylene  compoonds,  467 

PHeudohex^kne  diacetate,  468 

Pscudohoxyleno  ^j^lyeol,  468 

Paeudoheiyieno  iodide,  468 

Psotidohexylene  oxide,  463 

Paeudorcin*  431 

PBtudo-nric  acid,  308 

P»eudoieiJithiiiej  327 

Purpuric  acid,  307,  313 

Pyridin,  619 

Pyroaconitic  acid,  439 

lYrocitric  acids,  43& 

Pyrocitric  acidi,   coaatitation  of  the, 

445 
Pyrodextrine,  5QB 
Fyromecazone«  628 
Pj-roniecjiisoiiic  at? id,  623 
p3romeconatea,  621 
Pyromeconic  acid,  620 
PyromucAnude  biamidSCt  610 
lyromucates,  the,  606 
I'yroniucic  acid,  60o  ;  addition  products 

of,    606 ;    substitution-products   of, 

608  ;  iaomeridea  and  homologues  of, 

612 
^-Fyromudc  acid,  612 
Pyroracemates,  155 
Pyromcemic  add,  158,  876 
Pyrotar taiic  acid,  253 
Pyroiartaric  anhydride,  255 
Pyr^tartronitril,  253 
Pyrot^j^bk  nddf  412 
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Pyro-uric  acid,  293 
Pyruvates,  155 
I^vic  acid,  153,  154 
I^Yil,  825 
Pyruvinureide,  325 
Pyruvyl  acetate,  478 
I^TUvyl  alcohol,  472 
I^mvyl  compounds,  158 
Pyrrol,  609,  638 
Pyrrolin,  610 
i^rrol-red,  610 


QUEBCITB,  493 
Quince  mucilage,  573 


Racemic  acid,  233,  238,  239  ;  ethereal 

salts  of,  235 
Raphides,113 
Bhodacetic  acid,  90 
Rhodizonic  acid,  626,  628 
Rice  paper,  592 

Rice-starch,  556  ;  granules,  558 
Ricinelaidic  acid,  425 
Ricinolamide,  424 
Ricinoleic  acid,  424 
Roccellic  acid,  289 
Rubidium  tartrate,  225 
Rutylene,  470 
Rye-starch  granules,  558 


S. 


Saccharamide,  597 

Saccharates,  596 

Saccharic  acid,  485,  547,  595 

Saccharimetry,  515 

Saccharin,  547 

Saccharon,  548 

Saccharose,  eth«Teal  compounds  of,  529 

Saccharoses,  496 

Succinyl,  nitrogen  compounds  of,  192 

Sago,  556  ;  starch  granules,  558 

Saline  compounds  of  glycocoU,  93 

Salts  of  creatinine,  100 

Sarcine,  325,  327 

Sarcolactic  acid,  148 

Sarcosins,  94 

ScylUte,  552 

Sebacicacid,  23,  288 

Selenaldine,  76 

Serin,  377 

Shea  butter,  369 

Silver  acetylide,  456 

Silver  aery  late,  401 

Silvcrallylide,  461 

Silver  citrate,  435 

Silver  croconate,  629 


Silver  dipropinyl,  467 

Silver  ethyl  lactate,  139 

Silver  ethyl  meconate,  617 

Silver  fumarate,  211 

Silver  glycoUate,  84 

Silver  glyozylate,  105 

Silver  isosuccinate,  197 

Silver  l»vnlinate,  250 

Silver  lencate,  261 

Silver  malate,  201 

Silver  mesoxalate,  161 

Silver  oxalate,  114 

Silver  pentoate,  248 

Silver  pyrotartrate,  254 

Silver  pyruvate,  155 

Silver  rhodizonate,  628 

Silver  succinimide,  193 

Silver  succinate,  187 

Silver  tartrate,  226 

Sinalbin,  392 

Sinamine,  395 

Sinapoline,  893 

Sinistrine,  566 

Sinnigrin,  893 

Sodacetone  carbonate  of  ethyl^  17S 

Sodium  acetoacetic  ether,  173 

Sodium  acrylate,  401 

Sodium-allylene,  460 

Sodium  ekidate,  423 

Sodium  ethidene  sulphite,  73 

Sodium  ethylate,  174 

Sodium  ethyl  lactate,  138 

Sodium  ethyl  malonate,  158 

Sodium  hydracrylate,  151 

Sodium  lactate,  137 

Sodium-malonic  ether,  21 

Sodium  mono-ethylenate,  35 

Sodium  oleate,  421 

Sodium  propenylate,  349 

Sodium  pyruvate,  155 

Sodium  sucrate,  525 

Sodium  sulphallidene-sulphite,  399 

Sodium  xanthate,  181 

Sorbic  acid,  475 

Sorbin,  550 

Sorbite,  492 

Sorghum  sugar,  510 

Spiritus  tartari,  153 

Stannous  lactate,  138 

Starch,  554,  556  ;  granules,  657 

Starch-paste,  659 

Starch-sugar,  638  ;  uses  of,  543 

Stearins,  the,  367 

Stearoleic  acid,  476 

Stearoxylic  acid,  477 

Strontium  glycerate,  376 

Strontium  sucrate,  527 

Strontium  tartrate,  225 

Suberaldehyde,  280 

Suberancarboxylic  acid,  281 

Suberic  acid,  23,  267,  278 

Suberomaleic  acid,  280 

Suberone,  280 

Suberotartaric  acid,  280 
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Sabstitation-products  of  acrylic  acid, 
401 

Sabfltitution-prodncts  of  allyl  alcohol 
and  of  its  ethers  and  ethereal  salts, 
885 

Succinamic  acid,  23,  193 

Succinamide,  23,  192 

Succinates,  186 

Snccincyamic  acid,  194 

Succincyanamide,  194 

Succinic  acid,  19,  23,  182,  267; 
ethereal  salts  of,  188  ;  substitution- 
products,  196 

Succinic  anhydride,  82, 191 

Succinimide,  23,  192,  193 

Succino-nitril,  19,  195 

Succino-sulphuric  acid,  192 

Succlno-sulpharous  acid,  192 

Succinuric  acid,  821 

Succinyl  chloride,  191 

Succinyl  compounds,  1 82 

Succinyl  dicarbamide,  321 

Succinyl  oxide,  191 

Succinyl,  sulphur  compounds  of,  191 

Sucrates  of  calcium,  625 

Sucrates  of  iron,  528 

Sucrates  of  lead,  527 

Sucre  de  gelatine,  92 

Suet,  369 

Sugar  analysis,  510 

Sugar,  estimation  of  soluble  ash  in, 
518 

Sugar  extracted  from  molasses,  509 

Sugar  extracted  from  plants,  510 

Sugar  manufacture,  498 

Sugar,  metallic  compounds  of,  524 

Sugar  refining,  506 

Sugar  and  salt  compounds,  529 

SuTphacrolein  potassium  sulphite,  899 

Sulphaminbarbituric  acids,  308 

Sulphates  of  dulcitol,  491 

Sulphates  of  ethylene,  48 

Sulphates  of  propenyl,  358 

Sulphates  of  uric  acid,  297 

Sulphetherin,  52 

Sulpho-acetic  acid,  90 

Sulpho-acids  of  ethylene,  53 

Sulphohydrantoin,  97 

Sulphone-acetic  acid,  90 

Sulphonacetic  acid,  54 

Sulphono-succinic  acid,  192 

o-Sulphopropionaldehyde,  399  ' 

a-Sulphopropionic  acid,  399 

Sulphopyromucic  acid,  608 

Sulphur  balsam,  479 

Sulphur  som  pounds  of  allyl,  886 

Sulphur  compounds  of  ethylene,  51 

Sulphur  compounds  of  glycolyl,  88 

Sulphur  compounds  of  lactyl,  141 

Sulphur  compounds  of  propenyl,  873 

Sulphur  compounds  of  succinyl,  191 

Superocarboxylic  acid,  447 

Sylvan,  609 

Symmetrical  dimethylethylene,  168 


Synthesis  of  monobasic  acids,  CqH^O„ 

15 
Synthesis  of  the  acids  of  the  oxalic 

series,  19 
Synthetical  production  of  tartaric  acid, 

219 


Tapioca,  656 

Tartar  emetic,  226 

Tartaric  anhydride,  233 

Tartaric  acid,  anhydrides  of,  232 

Tartaric  acid,   217 ;   synthetical    pro- 
duction of,  219 

Tartaric    acid,    common,    or    dextro- 
rotary,  221 

Tartaric  acid,  ethereal  salts  of,  230 

Tartaric  acid  and  its  salts,  the  reactions 
of,  229 

Tartarus  baraxatiutf  229 

Tartarus  solubilis,  224 

Tartarus,  290 

Tartralic  acid,  233 

Tartramic  acid,  231 

Tartramide,  231 

Tartrates,  the,  223 

Tartrelic  acid,  233 

Tatronyl  urea,  298,  803 

Taurine,  55 

Tauro-carbonic  acid,  66 

Tetrabromethylene,  46 

Tetrabromglycide,  357 

Tetrabromstearic  acid,  477 

Tetrabromthiophene,  632 

Tetracetolactose,  683 

Tetrachlordiallvlamine,  388 

Tetrachlorethylene,  42 

a-Tetrachlorglycide,  356 

iS-Tetrachlor^lvcide,  857 

Teracrylic  acid,  415 

Tetrad    alcohol    radical   compounds, 
481 

Tetraethyl  citrate,  487 

Tetraethylammonium  dibromide,  68 

Tetrallylammonium  iodide,  838 

Tetramethyl-alloxantin,  837 

Tetramethyl-allylene,  449 

Tetramethyl-ethylene,  6,  259 

Tetramethyl-ethylene  bromide,  260 

Tetra-methyl-ethylene  chloride,  260 

Tetramethyl-ethylene  glycol,  259 

Tetramethyl-isoallylene,  469 

Tetramethyl-murexide,  838 

Tetramylene,  240 

Tetranitroxvsaccharose,  629 

Tetraphenol,  608 

Tetrethylene  alcohol,  87 

Tetrinic  acid,  630 

Tetrinic  acid  group,  630 

Tetrol,  638,  688 

Tetrolic  acid,  475 

Tetrylene,  162 


^^M        WU                ^^^               INDEX                                                        ^ 

^^H          Tetrrlene-aif^rboirylic  «cid.  ei5 

IVichlorkctic  add,  1 46                               ^1 

^^^H           Tigltc  acid,  408,  4U9,  410 

a-Trichloroxypeutoic  acid«  250                     ^H 

^^H           TigUc&Id^hyde,  410 

Tiidecatylene,  235                                            ^H 

^^^H           Theobromine,  331,  33d 

Tnethyldicarbopyrrolamide,  611,  615         ^H 

^^^H          Tbeine,  ^2 

Trie  thy  Icne  alcohol,  37                                   ^^B 

^^^^H          Tbettne  camj^auDds,  S6 

Trie  thy  leoe  di-imiii«,  61                                ^^M 

^^^H          TMaldine.  75,  7S 

Tiiethykne  tetriuiuiie,  59,  61                       ^H 

^^^H           Thienchite,  113 

Triethyl  malate,  203                                        ^M 

^^^H          Thioearbdmidacetic  acid,  91 

Tnethylene-triainin^,  53,  59,  61                  ^H 

^^^H          ThiocTAnacetic  acid,  90 
^^H          Thiodifi^ljcoUic  acid,  S3 

Triethjl  mecoimtc,  61 7                                  ^H 

Triethyl  oxamide,  121                                  ^H 

^^^H           Tliiodilaetic  acid.  112 

Tritithyl  phosiihodnamine,  395                   ^^B 

^^^^H           Thienyl'phenyl  ketone,  033 

Triethyl  propnyl  ether^  352  ^^B 
Trigemc  acid,  77                                           ^^fl 

^^^H          Thio-glyooliic  acid,  SS 

^^H          Thiolaotio  add,  141 

Triglyoero],  351                                            ^^H 

^^^H          Thionunc  acid,  303 

Tri^lycolaiuidic  acid^  13  ^^B 
TrihydrocArboxylic  iicidg  627                         ^^H 

^^^H           Thiopheno,  631,  633 

^^^H           Tbiophenitril,  632 

Tn-iaobutylenel  234                                      ^H 

^^^H          Thiorufic  acid,  ISO 

Trilatiriii,  367                                               ^H 

^^^^B           Thiodnamirje,  394 

TrimethyleuB  bromida,  130                          ^H 

^^^^v           Thiosuccinic  aci<l,  1{^1 

Trimethyl'broiaethyl'aiiiuioiuum    liro-       ^^ 

^^^H            Thioxamidi,  124 

mide,  59                                                             1 

^^^ft            Thioxalenide.  124 

Trimetbylcarbyl-raethyl-ethylene,  272        ^J 

^^^B           TrehAloae,  535 

TrimtithyIeD«  alcohol,  130                             ^H 

^^H          TrUcetin,  805,  878 

Triiiwthylene  chlorhydrin,  ISO,  ^H 
Trimethylene  chloride^  133,  230                   ^H 

^^^^H           Tnacet^t  itrose,  544 

^^^^H          Triad  alcohol  radicali,  componiLds  of. 

Trimethylene  compounds,  129                     ^^B 

^^H               S43 

Trimethyletie  diacetat^'f  130                          ^^B 

^^H           Triallylamine,  337 

Trimethylene  oxide,  11,  130                         ^^B 

^^^^H          Trialljl  cvaaummide,  325 

Trimttthyl  ethylene,  242                               ^^ 

^^^H           Tnamylcne,  240,  285 

TrimiHhyl-glycocoll,  n                                      1 

^^^H         Tribasic  acids  and  compounds  related 

Triniethyl-viiyl-ammoniam    bromide,       1 

^^^H               thereto,  425 

^B 

^^^^H           Tribromhydrirj,  357 

Trinitrin,  358                                             ^H 

^^^^H           Tribromlactic  acid,  148 

Trinitropropanci  375                                   ^^| 

^^^^B           Tiibromoxalin,  103 

Triniroxylactose,  533                                     ^^B 

^^^^H           TribroHi succinic  acid,  214 

Trimyn«tin,  367                                           ^H 

^^^H            Tributyrin,  366 

Trioltiin,  421                                                   ^H 

^^^^H           Tricalcium  j«ncrat«,  526 

Trioxyethylamlne,  62                                     ^^H 

^^^B            TricarbnllyHc  acid,  42S,  432 

Triox  vetby  lain  tt  10  aitim  chloride,  63  ^^B 
Tripalmitin,  367                                           ^H 

^^^^H            Trichlomcetal,  79 

^^^^H           Tricblorbutidtme  cnnipt>iind»,  166 

Tripropcnyl  strontium  manganite,  350      ^H 

^^^H           TrichlorbQ  tide  no  g1  y  col  ,167 

Triataarin,  367                                             ^H 

^^^^B           TrichlorbutilBtU'  nxid<},  It} 6 

TrisucclnamidCf  19i                                     ^^H 

^^^^H            Tnchlorbiitynildehydts   166 

Trisulphbydrin,  373                                     ^^B 

^^^^B           TrichlorbntTTic  acid,  167 

Triticin,  568                                                 ^H 

^^^H           Triehlorf»thane,  71 

Trivalerin,  360                                              ^H 

^^^H           Trkhlorethidene  alcohol,  73 

Tunjcin,  593                                                   ^^B 

^^^^H           Trichlor«thidene  chlorBcetin,  80 

Tyrositie,  261                                              ^H 

^^^^H           TrichloretMdcnD  romjxiunda,  7S 

^^B 

^^^^H           Trichlorethidfne  diacciimmidp,  81 

^^1 

^^^^H           Tiichloi^  tin  dene  dift^t'tjite,  30 

^M 

^^^H           Trichloruaiidi'iie  diethyl  ether,  79 

^^^^B           Tnc-hlorethid^nc  ethyl  ac«tin,  80 

Ukbeoolic  acid,  477                                  ^H 

^^^H           TrichloruthidcriQ  ethyl  ether.  73 

UDdecylenic  acid,  413                                  ^H 

^^^^B           Trichloiethidene  ethylhydmmine,  31 

UnsymmetricaJ  dimethylethylene,  103,            1 

^^^^B           TricblorFthidcne  hydmi:t;tamide,  31 

164                                                                      J 

^^^^B           Trichlorethidrno  hydrnmiiie,  SO 

Uramil.  2J»8,  807                                            ^M 

^^^^B           Trichkrcthidenfi  sulphite  compotiiidB, 

Umte^,  thf%  2^4                                             ^H 

^^H 

Uric    acid,    290 ;    preparation,    il91  ;      ^^t 

^^^^B           Trichlnrethidene  thiohydrin,  80 

synthesia,     292 :      prop»«rties,    29S;             1 

^^^^B           Trichlorethidetie  urea/31 

tests,  294  ;  estimation  of,  294                    ^1 

^^^H           TncMorf^thylenL%  42 

Uric  acid  group,  290                                      ^^B 

^^^^B^^    Tnchloihydnn^  355 

UroxiLDic  acid,  297                                      ^^| 
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V. 

a-VALEROLACTIDE,  245 

Yalerolactone,  248 

Valerins,  366 

Yalerolactic  acid,  138 

Vegetable  mucilage,  573 

Vinyl  bromide,  46 

Vinyl  chloride,  41 

Vinyl-ethyl,  163 

Vinyl-ethyl  ether,  69 

Vinyl  iodide,  47 

Vinyl-trimethyl-ammonium  hydroxide, 
65 

Vinyl-triethyl-areonium  hydroxide,  67 

Vinyl  •  triethyl  •  phosphomum     com- 
pounds, 66 

Violantin,  310 

Violurio  acid,  808 


W. 

Walnut  oil,  480 

Wheaten-starch  granules,  557 ;  paste, 

661 
Wood  gum,  572 


Wood-pulp  in  paper  making,  591 
Wood,  technical  uses  of,  592  ;    preser- 
vation of,  593 
Woody  fibre  of  lignin,  583 


Xanthine,  825,  839 
Xanthine  hydrochlorate,  827 
Xanthine  sulphate,  827 
Xeronic  acid,  446 


Z. 

ZiNO  acrylate,  401 

Zinc  diethyl-oxyacetate,  266 

Zinc  glutarate,  251 

Zinc  hydracrylate,  151 

Zinc  hevulinate,  250 

Zinc  lactate,  187 

Zinc  leucate,  261 

Zinc  oxycaproate,  264 

Zinc  piuralactate,  149 
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